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PREFACE 


It in hoped that this monograph will till the urgent need for an iniro- 
durlory survey of the broad field of the carbohydrates including yugar*, 
derived products, and polysaccharides from organic, physical, analytical, 
biological, and industrial rlk'mical aspects. In any case, this ImoK brings 
together much hitherto unassembled material and considers many subjects 
both from the standpoint of products and of the reactions involved. The 
latter approach may make this work of interest to organic and physical 
chemists who are not specialists in the carbohydrate field. In general, the 
intention has been to write this monograph for the use of research workers 
and graduate students, but it is hoped lhat generally the style is such that 
the book cun be used to advantage by readers not huviug an extensive 
acquaintance with organic and physical chemistry. 

The preparation of a specialized monogjaph of this ty]ie presents many 
problems for the author; two of the most difficult are the selection ol 
mat eriol and the proper buhuice bet w ecu various subjects. The number of 
published researches is so great thut only u small part of the nialerial can lie 
presented m a single volume, and il w uuld appeal that the complete summa- 
tion of researchi* in spcciul fields rcqiurcs new publication media For the 
carbohydrates, it is hoped that the "Advances in Carbohydrate (Vmistiy” 
in time will bridge the gap between the publication of original papers and 
passage of tlie data and concepts into texts and the general body of scientific 
knowledge. Certainly there is no conflict of purpose lietwmi the present 
book and the "Advances,” for the former represents a hriei summary of a 
brood field, whereas the latter gives detailed discussions of restricted scope. 
1 Numerous subjects ot considerable importance such ns carbohydrate 
metabolism, fermentations and photosynthesis linvc been omitted or 
covered only briefly. The discussion of relluloae and starch is inadequate 
in terms of the amount ot material available, but it was fell that a hook 
purporting to cover carbohydrates must include something on these im- 
portant subjects, in any east' there are numerous moir extensive works on 
the subject . Perhaps only the author’s privilege and the particular ini crest 
ol the writer cun justify the depth of the discussion of several other subjects. 
Within these limitations, it is hoped that this monograph presents a fair 
view of the subject of rarlKihydrates in its broad aspects. 

The problem of the proper citation of old work is often very difficult, 
particularly when reviews arc not available or when old work has lost its 
significance The citation of original w’ork by the author refers only to 
the specific statements involved. When a statement may involve work 
prior to tlie reference actually given, the word "See” may lie inserted before 
the actual citation. Practically all the references were inspected in the 
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original; in moat of the remaining instances, the secondary references em- 
ployed are also given . The literature covered comprises the period t o early 
1 94fS, hut some later ^vork is included. 

In spite of extensive attempts to avoid errors, undoubtedly additional 
ones w*ill lx 1 found It Mill he greatly appreciated if such instances are 
rulled to the attention of the writer 

The current status oi nomenclature in I lie carbohydrate field, in spite 
of the excellent work of the Nomenclature Committee of the Division of 
Sugar Chemistry anil Technology of the American Chemical Society, has 
created niunx difficulties in the preparation of (his hook. With hut few 
exceptions, the rceomincndations of this commit ten* have lxx k n followed, 
hut the scope of the recommendations is extremely limited. Attempts 
huve been made to point out difficulties and possible improvements in 
nomenclature without completely accepting or standardizing the usage in 
the hook. The most radical changes are in the names of the dibasic or 
“uric*’ acids, hut even here old and new names are intermingled with the hope 
of a gradual mtiixliirtion of tin* more systematic nomenclatuie 'flu 1 
preparation of the index requited that u definite 1 stand lx made* on many 
questions of nomenclature, and, in general, represent* the nomenclature 
laxored by the writer To reduce difficulties m the use of the index, an 
extensive system »l cross entries ami multiple headings including synonyms 
is used, rinloiihtedly, no one, including the writer. w p ill lie coinplctolv 
satisfied with the nomenclature, hut there seems to be no better solution 
until progress made hv national or ini ei national agreement 

Actne work on the present hook commenced in 1910 while the wider 
was associated with the National Bureau of Standards and was continued 
subsequently at the Corn Products Refining Co. mid the Institute of Pupei 
Chemistry. Origiualh, Dr. II. S. I shell was to particquite as co-author. 
The pressure of other duties prevented active collaboration on his purt, 
but the w riler 1 * deeply indebted to I Jr Isbell foi suggestions of the general 
organization of material and tor the use of his valuable file of reference 
cards 

In 19 W, Dr. K Max Gocpp, Jt., decided Lo participate as co-autlini. 
I)i Gnepp's cnntiiluitiim to the present book is verj significant, although 
his actual wiitten contributions are limited to the Introduction (Chapter 1) 
and the section on anlmlrirles in Chapter VIII. Ills death on October d, 
194b, as a result of an airplane accident while traveling to Germany under 
the authority ol the Office of Technical Services, l T S. Department of 
Cmuineiec, ended a brilliant and promising career and prevented the com- 
pletion oi his assignment os co-auihur. His notes were used by Drs. Green 
and Sollzhcrg and the present writer in the preparation of Chapters VI and 
VII. Dr. Gocpp, howTver, had devoted much time to critical evaluations 
of the other chapters, and his suggestions were found to be of the utmost 
value. 



PREFACE 


vii 


Dr. Sul Boltsberg and Dr. John W. Green wore mainly responsible fur 
the preparation of Chapters VI and VII, respectively. Hie presenl writer 
is deeply grateful for their help. l)r. Green alsu undertook the principal 
responsibility fur the preparation of the subject index, an extremely difficult 
and time-canmiiuiug task. 

The assistance of many othci individuals has lieen of the greatest 
importance. Professor C. S. Hudson read many of the chapters and gave 
nuuiy valuable critical comment's His comments, as well as those of 
persons mentioned hereafter, added much to the present book, bui thr 
statements made therein arc tlic sole responsiliility of the w riler and are not 
to be blamed on any of the co-operating individuals. Others u bo have read 
one or more chapters are: 

Drs. R. S. Tipson, H. K. Ruthciiord, A. M. Sookne, Sol Snltzlieig. L. K. 
Wise, Harriet Frush, 1). II. Brauns, II. ( l. Fletcher, Jr., E. Anderson, N . Tv. 
Riehtmycr and T. J. Schocli. 

The advice and aid with prowl muling on the part of Dr. J. West were 
ot great help. Drs. Hewitt (1. Fletcher, Jr., Sol Soltzbcrg and diaries J. 
Pedersen devoted much time to the reading of the page proofs and suggested 
important changes. Their help is deeply appreciated. 

Thr editorial work iu connection with a project of this type is a grueling 
but essential tusk Particular gratitude for help in this connection is due 
Dr. Mary Gruee Bluir uud Dr. Elizabeth Osman; both revised or wrole 
several sections and contributed valuable suggestions. 'Hie assistance of 
Miss Marilyn Podest, M rs. John W. Green and Mrs. W. Bruce Weber is also 
gratefully acknowledged. 

The author index was prepured by Miss Hannah Bergman ol the 
Academic Press. Her help, as well us that of the Academic Press, generally, 
was of great value Miss Mary \nn Zastrou and Miss Marilyn Podest 
cooperated in this work. 

Valuable sustaining iihsistaiice was provided by Mi John G Strange, 
Mr Wcstbiooke Stifle and Dr. II F. Lewis (of the Institute of Paper 
Chemistry), Drs E W. Reid, IT. F. Cox, A. L Elilei mid S. M. Cuntor 
(of Corn Products Refining Co.), Mr. F .1. Bates (ot the Xutioutd Bureau of 
Standards), and Mr. K K. Brown and Dr. H. S. Rose, Jr. (of At Ins Powder 
Co.). The organizations represented by these individuals provided 
important ciirourugeincnt for this project. 

To the authors of reviews and books in the carbohydrate field, the present 
writer is deeply indebted, for these reviews were used extensively in the 
preparation of this book. 

Wahu 1*1 OMAN 

Appleton, Wisconsin 
April 1, 1948 
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Chapter I 
INTRODUCTION* 


1. Development of Carbohydrate Chemistry 1 

The culture of sugar cane and the use ol the juices as a sweetening agent 
appear to ha\c originated in northeasteni India. As curly as 30(1 A.D., the 
crystalline sugar mss known and used. Sugar cuue culture was extended to 
China around 100 \ D. and Lo Egypt around 010 A.D.; Jrom Egypt, the 
culture and use ot the sugar spread gradually over North AJnea to Spain 
and Sicily. The introduction into North America is ascribed to Columbus 
w ho brought the plant to Santo Doiniugo on his second voyage. Sugar cone 
rannot Ik* grown well in Europe berause it requires u tropical or semi- 
tropical climate, hut the sugar was know n in Europe during the fourteenth 
and til teen tli centuries and used as a costly sweetening agent. However, 
by 1000 many sugar refineries had Ireen erected in Europe, aud the uhp of 
cane sugar had heroine widespread. 

The necessary ie.sf net ion of the culture of sugar rane to tropical or semi- 
tropicul lauds stimulated the soureh lor sweetening materials which could 
lie obtained horn plants native to the temperate region. This search led to 
the technical development on the European continent of the sugar licet 
during the latter part of the eighteenth century and especially in the early 
veins ol the nineteenth lx ‘cause ol the continental blockade during the 
Napoleonic wrus 

The desiic lo luul svm lining agent' stimulated the study ol known 
products and ot new sources llonev, grape juice, and raisins were known to 
contain material which ci.vstallizcd under some conditions. Marggraf in 
1747 deserilied a type of siigm which occurs in raisins Lowitz ( J 7SI2 1 
isolated a sugar Irom honey which lie imliculcd to be difT<>rent lrom cane 
sugai. l’risist (1802) claimed that giupcs contain u sugar which is diflerenl 
from sucrose. The nction oi acids on starch was shown to produce a sweet 
sirup iioin which u crystalline sugar w us isolated by KirrhofT in 1811. Later 
workers established that the sugai contained in grapes is identical with 
that m honcj , m diabetic urine, and in (lie acid-hydrolysates of starch anil 
cellulose ; it was given the mune of glucose l»v Dumas (1838) and of dextrose 
by KekuK (1800). Emil Kischei revived the name glueose, and it is now 
uaod generally in seieutihe work. 

* Thi> principal pm (ion of tins rhiplcr was picpared by the late It Muv < mepp, Jr 
1 Km inoi e details of the history und earlier work, tin leader is n lcie*d to the 
following rcfcionccs from which the picscnt ihscuasion was ahaliartcd 

a III O von ljippmaiui, "(Jcachichte des Zuckcrs”, 2nd Kd , lierlin flfllM) 

It “Beilbtcina Ilaudbuch dci orgauischcu Phcmic,” Vol. If, J Springei, 
Berlin (IMS). 

1 
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CHEMISTRY OF THE CARBOHYDRATES 


Our present knowledge of carlmhydrate chemistry is an outgrowth of 
scientific inquiry into the composition of such common substnneos as sugar, 
honey, milk, starch, cotton, wood, vegetable gums, crabshells, and also the 
kw familiar sweet principles, acids, pigments, and pharmacological ex- 
tractives of numerous plants. 

Due to their ease of isolation and purilication, sucrose, lactose (milk 
sugar), standi, cotton cellulose, glucose ami fructose were among the 
first to In* studied, and their empirical composition was found to correspond 
to the general formula ( b(Hi())>- Since structural chemistry and the exist- 
ence of hydroxyl groups and hydrogen as struct unil elements was unknown 
at the time, the substances were looked upon i|uite naturally as compounds 
of carbon and water, and were termed carbohydrates (French, hydratrx 
dv carbon ? ), 

It was soon learned Ihut acid hydrolysis couxerted stareh and cellulose, 
[Vt(lWhl, into glucose, (VlHaOln, with the uptake of one mole of water 
per (\ unit, ('tine sugar, (^(IbObi, look up one mole of water to give two 
(’■.(Had)# sugars thrxoses), glucose andfnirto.se. Diet one, mint her 
eunipound, g«A e glucose and galactose, both ( V(I] 2 0 j R . Hydrolysis ol cherry 
gum yielded arabinnse, (V(lU>)b, a jx-ntose. Another (V sugar, sorbose, 
Avas discovered in an old, fennented sample of sorb apple juice. Hence some 
of the eurbohydrates came to Im* considered as anhydride polymers of tlie 
simpler sugars. Further work showed that ambinnse, glucose, anil galactose 
wm* polyhydroxv aldehydes (aldoses) while fructose and sorbose* wen* 
polyhydroxy ketones (ketoses). Somewhat later a third IV, aldose (aldo- 
hcvnse), niiuinow, amis synthesized from mannitol, ami subsequently Immd 
in iialun* The actual structure of the three natural (A aldoses was un- 
known, hut after the deA T elopmoiit of the Le Bel- van 1 1 Hoff theory it was 
evident that they wen* slereoisomers, since all wen* si might -chain com- 
pounds. 

Meanwhile, the series of naturally occurring, homologous, straight -chain 
polyhydrie alcohols: glycol, glycerol, ervthritol (C‘ 4 ), arabitol KM, man- 
nitol, dulcilol, sorbitol, and iditol ((V), and perseitol (IV), had been dis- 
covered. They had the general lormula (V(H?0)nll 2 , (in moilern ten ns, 
IKXTMIIIOM),. sdbOH). lirythritol and the higher memliers were 
crystalline, sweet -tabling and water-soluble. The four hcxitols wen* known 
to lx* isomeric, but their relationship to each other and to the li\c natural 
IV sugars was not known until Emil Fischer’s classical work in the early 
nineties. 

Time dibasic acids ot the scries HOOClCllOII ) u iCOOll wen* likewise 
discovered very early, the (V tartaric acid from wine lees, and the isomeric 
(V mucic and saccharic acids from the nitric acid oxidation of lactose and 
of cane sugar. 

Similarly, a feAv monobasic or aldonie acids corresponding to the oxida- 
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twin of one end ot a polyhydric alcohol or the aldehyde group of a sugar— 
heiH'e of the formula HOCH a (CHOH )„. # C(H)II -svere found. The first was 
glyceric acid, from glycerol and nitric acid, the next gluconic acid, from 
glucose. Subsequently gluconic acid was found 1o l>r u common product of 
the bacterial oxidulion of glucose. 

Application of established organic cliemical inactions to these compounds 
demonstrated that the simple sugars, as aldehydes or ketones, could be 
reduced to alcohols, oxidized to mono- or dibasic acids, and reacted, under 
suitable conditions, with carbonyl reagents, such as plienylhydrazine, 
hvdroxylamine, and hydrocyanic acid. The hydrocyanic addition reaction 
led to Kiliani’s proof of a 2-koto structure for fructose, and also ullowed the 
conversion of a I'b aldehyde sugar to a V* <ugar acid. Fischer showed that, 
plienylhydrazine could lie used for isolating various sugars, and tluit glucose, 
mannose and fructose hud the same stereochemical configuration on carbons 
3, J and 5. Similarly the alcohols could Ik* oxidized to mixtures of sugars 
and sugar acids by nitric acid, and the acids, in the form of their lactoues, 
could Ik* reduced to the aldehyde sugars, and ultimately to the alcohols, by 
sodium amalgam. 


011,011 
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(‘0011 
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These iiitcrronversions, applied to the naturally occurring sugars, sugar 
alcohols, and derived acids, played an essential part in elucidating their 
structure, so that the chemistry of all four groups had a parallel develop- 
ment. The following family relationships were discovered. 

Dulcitnl * > galactose < * gnlactonic aciil * mucic acid 

Mannitol « > mannose * — -* mannonic acid < > Tnawwo-sacoharir acid 

\ 

frurtoso 

/ 

Sorbitol < > glucose « > gluconic acid > gfaco-saccharic arid 

\ 

sorbose 



Jditol 


— idose * — ► idonic acid 


— > ir/o-saccharic acid 
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It is noteworthy that sorbitol, glucose, and gluconic acid are all readily 
fermented, or utilised as a carbon source, by numerous species of molds 
and bacteria. 

The sodium amalgam reduction ot a saccharic arid raonolactono to an 
aldonic acid goes by way of an intermediate, aldehyde arid. In this way 
glucuronic acid nos first synthesized from a ^/fwo-snocharic monolaetone 
arid, ft bad bmi discovered previously in urine, hence the name. 

rooif mo 

I I 

(( 'iioin, -* ten oh). 


(’0011 coon 

i<-0tuco-Rari'hani‘ D-(J]ucuionir iiriil 
will (as mimoJactone) 

Sorrow hut later, it was found that the ('* aldehyde acids, or uronie acids, 
ure widely distributed (citrus pulp, beet pulp, seaweed, cartilage, mucin, 
agar-agar) as polymers, known os polyuronides, analogous to starch and 
rellutac. line again the glueuronic, mnnnurunir, and galaeturonic aeids 
were the only representatives found in nulmv. 

Glucose, mannose and galactose residues likewise appear in epirhuiuuose, 
rhomnose, and fucohe, six-carbon sugars in which the hydroxyl on eurhon 6 
is replaced by hydrogen, giving the li-desoxy sugars or methylosrs. 

Two other natural sugar types have Ikvii lound, the 2-dcsoxy sugars, 
represented by the Cg sugar, 2-drsoxyrihosc,, 110(.’Tlj(( IlIOHjiiUIIjCHO. 
present in ninny rell nuclei, and the 2-nmino sugar, glucosamine, HOCIli- 
(CIIOH jjCHNIhClIO, obtained by the arid hydrolysis of rbitin, u struc- 
tural polymer in the shells of insects and crustaceans. Neither of these 
biologically important sugars lias the empirical composition C«(lI-0)«. 

Tlie glycomines, l-di*soxy-l -auiino glykitols 0Ilj()H(CH01T) n GIliNHi, 
ore another class of struight chain, polyhydroxylic compounds, wherem the 
cliaract eristic lunctional group is Nil*. They do nol occur naturally, but 
ribamuie, HOC’l I-(C'H()ll)»C'IT a 'NlI^ is a starting material for one or the 
riboflavin syntheses. The glycumines and thcii N -substituted derivatives 
are obtainable by pressure hydrogenation of sugnrs in the presence of am 
mania, primary, or secondary amines. 

A series of nuturally occurring compounds having the carbohydrate for- 
mula Ca(H]0)e is known, which are not sugars, but cyclic polyhydric alco- 
hols, or cyclitols, ( 'glla(011)g, of which moso-inositol, possibly a provitamin, 
is the must important. 

The simple carbohydrate formula C„(H 4 0) B is also shared by a clans of 
saccharinic acids, iH„ 1 1 (OHln-jCOOH, obtainable hy the alkaline isom- 
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erisation ol the sugars. The two low eat mombers, acetic and lactic acid, are 
the important natural representatives. 

Ascorbic ncid, 2 ket n-o-gulnnic lactone, (Vitamin C), (ennl form), 

011 II OH on 
(HOjji.o— r— c— o— r -co 



is synthesized uidustnully trom sorbitol by way oi sorbose, and several 
isomers ol lissei antiscorbutic activity have also been made by comparable 
procedures 

Carbohydruti ehtnusLry includes the chemistry of these homologous, or 
isomme, serns of palyhydrojcy compounds, and thnr d< rieativee. Today, the 
tcini carbohydrate is frequently applied to tlie uusubstituted mcinliere of 
any ol the biologically important Horiea of polyliydmxy compounds, and 
particularly the naturally occurring compounds. At the same time, it 
should lx* noted that the narrowci, historical definition of carbohydrates 
as the sugar-' or their polymers, namely, the saccharides, is still frequently 
employed, partieuhuly in fields outside ol biochemistry. 

2. General Chemistry 

The cuiboliydialc compound- lI()('lJ 2 ((ii011)nX differ Iroin the par- 
affinic alcohols, aldehydes, ketones, acids, amines and ethers in several im- 
portant inspects. 

A. Stereoisomerism. TJn npialtny unit, CHOU, contains an asymmetric 
carbon, in contrast to tin ('Hi oj the paraffinic series. An these accumulate, a 
large numlicr ol stcicoisoniers become possible. For series with unlike 
terminal groups, -cell as the aldoses, alihnik arids, and uldvronic acuts, the 
munliei of stereoisomers is 2", w here n is the uumlici ot asymmetric carbon 
atoms. Foi like-ended compounds, such os the polyhydric alcohols, and the 
dibasic acid-, the uumhpr ol isomers is less, due to the greater symmetry. 
Thus, in the carbohydrates, the typical isomerism involves the H, OH 
space anuiigrincut, w liilc in the paraffin series, isomerism iR principally that 
of chain branching. \ low lirunchcd-vhaiii sugars arc known, however. 

Vlthough almost ull ol Ihc theoretically possible sugar alcohols, sugars, 
mono- and di-husic acids are known up through Co, only a few in ear,h 
gioup occui in nature, as Table I shows. 

The uatuially occurring carbohydrates have been studied much more 
than the synthetic members. Of the simple sugars (monosaccharides), glu- 
cose is by far the commonest sugar, with xylose probably next in rank. 

B. Activation by Carbonyl Groups. 77k carbonyl groups in tin aldoses 
and kelost s him tin usual u< heating t Jl< r( on the adjacent C-linkt d or a-hgdro- 
gens, so that realization may In evoked by inorgamr or organir bases 
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ITiphp rnnlizalions are shown lor an aldose or kotow* (a-d). 
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11 Tin 1 ligun I oi I In- iiiiiiiImm oi nai nvnlK miiuiiiuk isonii in an *mh itppiuMiiifih 
sinn* CMtfiMiiiiliiHi is larking Ini snmr ii»|iii!IimI nmn m'iiim"- 

lated, in which tin* asymmetry ill carbon 2 has Imm'ij drshnyed. lienee’ 
revision nl the enediol Id tin 1 hvlrn\yrarhunyl hums (a), (r), ami (d) 
allows inversion oi the II OH mnlii* oration on the second rarhon. When' 
the second rarhon is tin* only asymmetric carbon present, a* in ftlyroml- 
deliyde, 

(HO 

HCOH 

i 

rHiOH 

this inversion produces a mceniization of the active lunns. Where man* 
than one aaymmetrie carlion is present, a new stereoisomer is formed, e.g , 
mannose from kIuconc. 
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The change of configuration at the second carbon — known an 2-epimori- 
zation- -is one of the important routca to the synthetic sugars, particularly 
for the Aidouir acids which undergo u similar change in the presence of 
nitrogenous bases such us pyridine. 

Instead of reverting to the hydroxy aldehyde, the hypothetical enediol 
(b) may pas* to thp hydroxy ketone (d), which, in the sugar series, mount* 
shifting from aldose to ketose, e.g., glucose to fructose. Thus glucose, man- 
nose and fructose hate a common ouediol (although it lias uever boon 
isolated), so that, in the presence of mild aqueous alkali, these throe arc 
interconvertible, as Lobry do llmyn and Alliorda van Kkenstein showed. A 
true equilibrium is not set up, however, due to side reactions. 

This aldose-ketose shift is, in eftect, u migration of the earltonyl group 
from earbon 1 to carbou 2. Theory would predict further shift'mg from 
carlKin 2 all the way to carlwn (i. Actually, no 3-ketohexow’ has boon 
isolated, but sorbose lias lx>on obtained from o-galnctose (a 3-cpimenzation) 
and tlio identification <>r ultilol among the products ol the alkaline reduction 
of glucose is further evidence lor cpimerization at carbon 3 and for the 
formation of a 2,3-enediol ol glucose: 
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Glyceraldehyde and its related ketose, diliydroxyucetone, cau likewise 
undergo external aldol condensation to yield a mixture of on-fructosc and 
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five tautomeric forms of the name compound. From glucose, only the a- and 
0-pynmoHCH can Ite obtained as such; the other modifications cannot be 
crystallised from solution, and are known only as derivatives. The equilib- 
rium, if catalysed, is established almost instantly; otherwise several hours 
or even days may lie required. 

Thus an aqueous solution of glucose and fructose, such as is encountered 
frequently in natural products, is a complex mixture of at least ton tauto- 
meric substances, all giving the same phenylosazone with phenylhydrazinc. 
Without sueli a simplifying reagent, the original invest igation of them' 
protean structures would have lx*ou almost impossible, 

In the laetones, the absence of a, j8 isomerism restricts the tautomers to 
(lie free acid, and llic gamma and delta lactones, all three of which can Ik* 
crystallized from solution, in many ease’s. ICqiiiJibriuiu is reached much more 
slowly than with the sugars. Oddly enough, the 1,1 or gamma lactones 
are the more stable, while the 1 ,5 or pyrunose sugars an* the favored form. 

Since the optical rotations of llie various tautomeric forms of sugars and 
lad ones \ ary widely, the rotation of the inixtun* in solution approaching 
equilibrium will change with time cither up or down from the initial value. 
This is called mutarotat ion. For some sugars, its origin may be very complex. 

The polyliydiic alcohol inner anhydrides IV, art* formed only under con- 
ditions approximating those required for the etherification of aliphatic 
alcohols. However, these* conditions exist during the commercial esterifi- 
cation of polyhydric alcohols. Complex mixtures of cslcritied mono- and 
di-anhydrides arc therefore obtained from the direct high temperature 
cstcriiicution ot sorbitol or mannitol. Rcu|K*nmg of the anltydro rings is nut 
readily accomplished, so that this inner etherification is not considered re- 
versible, and there is no mularotatioii. Numerous position isomers arc 
possible ; sorbitol gives three furunnid and two pyrttnoid nionoanhydrides - 
or sorhitaiis while three dianhydrides of mannitol an* know r n. The 1,5- 
anhydrides of sorliitol and mannitol occur nalunilly, hut rarely, as poly- 
galitol and slyraeitol. ( llyeerol and ethylene glveol eiui give both inner tuid 
external ethers under similar conditions. 

thiee the potentially ring-lorming hydroxyl groups at carbon 1 or 5 or 
■sometimes 0 in the sugurs oi aldonic acids ure substituted us by uectyl or 
inethyl groups, the compounds liehave like ordinary aliphatic aldehydes or 
acids. This is usually accomplished by fixing the carbonyl gnmp in a diethyl 
inereuptul, and regenerating after the hydroxyls have been substituted. 
Similarly, esterilirntion of the sugar acids by external hydroxy rompounds 
allows Ihr laetonizable stem hydroxyls to lx* reacted. 

D. The Glycosidic Hydroxyl and Polymeric Carbohydrates. 'Hit* ring 
modifications of the sugars and uronie acids all have a ehaiueteristie feature 
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— the hemiacc tal hydroxyl group formed at the original carbonyl by the 
lactol ring 



and known ab the hemiacetul, auumeric or glycosidic hydroxyl. It resembles 
a tertiary aliphatic hydroxyl group in its case of read ion with alcohols to 
form full acetals which when external are. known ah glycosides. This reac- 
tion, which is catalyzed by ariils or enzymes, allow h the selective cthorifi- 
ration (.actually actualization) of sugars at thin position. The methyl and 
ethyl glycosides are obtainable merely by refluxing the sugur w ith excess ol 
the alcohol, using hydrochloric acid or sulfuric acid as ratalyst. 

When stabilized by glycoside formation, a- and (U-anomers of the bamc 
parent sugar con frequently lx' isolated, whereas isolation of both of the 
free alpha and beta ring forms from (lie equilibrium mixture of various 
forms in solution has Ixfn realized for relatively few sugars. 

Favorable configuration of the other ring hydroxyls may allow internal 
glycosidation to the inner full nrctnl, nr glycosau. 



H OH H OH 


^-(fluooBe ft niuoomn 

The glycosidic hydroxyl may be csterified, but not much imnv readily 
than the primary and cnrl ain secondary hydroxyl groiqis, so tiiul hcmiacetal 
monnesters are not readily obtainable directly by partial acylation of the 
free sugars. Once formed, however, the 1-ncctoxy group of glucose penta- 
ueetatc is wlectMy replaced by a halogeu of a halogen acid to give tetra- 
acetyl-a-glueosyl halide. The lialogen, usually bromine, is labile, and the 
eompouud is a very useful intermediate for the synthesis of glyeosides and 
glycosidic esters. Corresponding compounds of the aldrhydo and keio sugars 
are known. 

The phosphate esters of glucose, fructose, and glycerol are extremely 
important in the metabolism of sugars by plants or animals. The phosphate 
groups are attarhed either to the glycosidic hydroxyl, or to the primary 
hydroxyl at rarhon 6. Benzoylated sugars also occur naturally in pertain 
glycosides. 

The naturally occurring uligo- and poly-saccharides, such as sucrose, 
lactose, starch, cellulose, and tlie like, are condensation polymers, held 
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together by glucosidie linkages. They may be largely homogeneous with 
respect to sugar and linkage, such as cellulose, or composed of various 
sequences of sugars, uranic adds, or glycosaminea, as in the plant gums, 
cartilage, mucin, and other more complex polysaccharides. 

Cellulose consists essentially of long chains of glucose molecules, linked 
a! curium 4 through a 0-glycosidic union. The d-n-cuniiguratioii, in this case 
Irons to the hydroxyl at carbon 1, allows an essentially linear polymer of 
high regularity and hence crystallinity to be built up, wliere x may reach 
several thousand. 

* — ■ » 



The building unil of this chain iB actually ecllohiosc, a /3-linked disac- 
charide ol (wo glucopyranoses linked 1 ,4'. 

Similarly, the starches are made up of glucopyranosc residues linked 
inuinlv 1 . 1', but with a-D-linkages. The succession of a-n-linkago* may give 
the chain a spiral twist as opposed to the linearity of the cellulose chain. 
The malt eiizymeH break starches down to give considerable quantities ol 
the disBceharide maltose, nhich is 4-0-gluco.se a-glucopyranoHide. An im- 
portant difference from cellulose is that tin* material is structurally hetero- 
geneous and some of the side chains are attached through the hydroxyls 
at carbon 0. 

Isietosc is the 1-0-n-galactopyrunosidc of glucose connected at carbon 4 

In sucrose, however, which has not yet been synthesized chemically, an 
a-D-ghicopyranoHe and 0-D-fructofuranose are linked through the glyco- 
sidie hydroxyls of both. Ln a,a'-trehaloso, a rare disaeeliarido found in the 
rapsulrs of tulierde bacilli and in certain fungi, two a-n-gluropyranoses 
are joined through their glycosidic hydroxyls. 



Since rearrangement of these full acetals to an uldehydo or koto form is 
not possible, these disaerharides do not show the reducing behavior char- 
acteristic of the monosaccharides and ore called nonreducing di saccharides. 

In other naturally occurring polysaccharides the linkages between the 
Migar’molecules is not 1,4', but 1,6'; 1,2'; 1,3' or other combinations. 
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Tlu‘ disuccharidea, Bad other lower polymers of one or mom simple sugars, 
containing 2 to 10 monosaccharide residues, am termed olignNHccliarides. 
Vs a clash they am definite compounds whose homogeneity is established 
in most cases and w hots* structures am largely known. The higher polysac- 
charides, however, such os starch and cellulose with molerular weights in 
the thousands and containing hundreds of sugar residues am not ehemieal 
indh iduals in the usual sense. They may be mixtures of very similar poly- 
mers having the same or different structural patterns and differing in 
ehoin length. 

The inonic acid roni|Hmcuts of the polyuronides are likew iec joint'd glyco- 
sidically 1)3' 1 .-('-linkages. The carboxyl is usually substituted as by n 
calcium atom or methyl group in pectin, a polygalad urunide. Hydrogenation 
of reducing disacchiirides such os lactone or maltose gives the cormsjMHiding 
glycosyl polyhydric alcohols lartitol and maltitol. 

Numerous nnlurnl products consist of a sugar usually glucose glyco- 
sidicallv linked with a mmenrliohydrate portion known ns the aglycon. Ilio 
agl.veon mn> Is* a complex phenol, as in the ennliae gl.yeosides ol digitalis 
or in the .-mtlmcyniiin plant pigments, or it may he some other hvdroxylie 
compound. Tliesc imtnrnlly occurring given 1 ides, which may In* either a or 
/S, am split by the appropriate ensyme, or- or 0-glycoHiriaHC. ( daemonic acid 
is likewise ust'd by mammals as a detoxifying agent by binding an active 
chemical through the glyrosidic hydroxyl and lieing secreted as the soluble 
glueumnide 


3. Nomenclature and Definitions - 

A. Scope and General Definitions. The preceding introduction has shown 
how that part of organic chemistry called carbohydrate chemistry is con- 
cerned with several mlatetl homologous series, characterised by a plurality 
of hydroxyl groups, and one or mom functional groups. The full-fledged 
earimliydmt es am the five, siv and higher rarlton memliei's. As the homol- 
ogous scries am descended, the carbohydrate characteristics degenerate, 
until the atypical first and second memliers, the sturdy individualists of 
aliphatic chemistry, am maehed. 

In Table II the major homologous series am defined, together with 
synonyms, typo endings, and characteristic groupings. Table 111 lists the 
4-, 3- and 2-carbon representatives of the principal series. Compounds of 
either industrial or biochemical importance are italicised. It is evident that 
the important 4-carbon compounds are much few or than the 3- and 2-carbon 
representatives and that optical activity does not extend below three 

1 Kbi a summary ui delimlimih and nomcnrlalun see ‘‘IteilateiiiH Ilandbueh der 
organibchon ('hemic," Vol. /, p. 1; J. Springer, Berlin (1938). In (he preaeut text, the 
Beilstein definitions have not been accepted in all eaaea. 
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The present text will be concerned primarily with the characteristic 
mono- and polysaccharides and their derivatives, but the important analo- 
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types, and the five- and si\-curbon representatives must not be overlooked. 
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polymerisation of formaldehyde) ; glycolic aldehyde and glyceraldehyde. 
(jlycerose is a mixture of glyceraldehyde and dihydroxyncetone. The single 
keto telrosc is crytliruloee, and the ketopentoses are named from the re- 
lated pentose as arabinulose or ribulose, and xylulow. All the keto hexoees 
have trivial names. 

B. Configurational and Trivial Names. Thanks mainly to Emil Fischer and 
his predecessors, tri\ ial names are available for all possible sugars containing 
three to six carbon atoms, hence fur their derivatives. Since the configuration 
resides in the inner asymmetric carbon atoms, the sugar names provide pre- 
fixes for asymmetric carbon sequences of one to four earbon atoms, such as 
CHOII, CHOU, OllNJIj. They an* shown in Tabic IV, together with the 
configurations. The characteristic or principal functional group, r.g., CHO 
in aldose, and ('0011 in aldunie acids, is at Y. Each prefix lias d and l 
forms, the o-l'onn lieiug shown. The prefix form can be used independently 
in italics, to show configuration in an asymmetric sequence. 

These roniiguratinuiil prefixes ure used with generalised names to specify 
a compound of specific configuration and they often, hut not always, indi- 
cate the number of earbon atoms in the compound. Thus, the coni]>ound 
obtained by the oxidation of D-glucose with nitric acid is D-^/iiro-sacchuric 
arid, commonly termed merely saerharir acid. 


Hoot'- 


ll II ou II 




(’— C -(’0011 





n-9/iiro-HArrharic acid 
(bac rlinri c arid) 


Similar prefixes are used ior naming ketones not having trivial names. 
This usage is discussed in Chapter II. 

The names of several long-known carbohydrates were established Wore 
configurational relationships were known, so tliat the terminology of the 
commonci carbohydrates, given up to the hexoses in Table V, is not 
consistent. 

Erythritol , a donitol, dulcitol, mannitol and xorbitol are originally trivial 
names applied to naturally occurring alcohols. Mannitol and sorbitol are 
optically active, adouitol and dulcitol are meso compounds. Erythritol is 
preferably used only for the meso tctritol, the active forms being o- and 
h-tkrcitol, following Hocketl. 

Sorbitol and sorbose were named independently from the same botanical 
source, the sorb apple. 

The fi-desoxy hexoses are called methyloses, alter VotoGek. Terms such 
as * ‘mannomc thylose, ’ 1 “galactome thy lose” and kf glucomethylose M have 
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TABLE V 

Anwrff of R tinted Carbohydrates of Thrir to Six Carbons 
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lwcn used ioi rhamnose, iunwe ami iHorlmuinoae, hut they are not lined an 
Imiuently as the established trivial names, or the systematic ft-denoxy- 
hexose designations. 

The dibasic acids are quite irregular. ‘‘Tartaric acid” is generic for the 
luo active iunns, the hum, and the d,l or racemic acid. The five-carbon 
acids are still called trihydroxyglutaric acids. In the six-oaibon acids, known 
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an saccharic acids, three arc termed ido-, manno- and ptuco -saccharic aciils, 
nnd the re m a inin g three os mucic, allomucic and tolomucic acids. The 
seven and higher-carbon series follow the higher sugar nomenclature. 

Peirce* has suggested “aric acids”, as generic for all dibasic sugar acids. 
“L-Threaric” is an unambiguous systematic equivalent for “L(dextro)- 
tartaric”. “(llucaric” and > 'mannuri^ ,, have obvious advantages over 
"pfuco-saccharic” and ' 'manno-na ccharic” hut as yet this type of nomencla- 
ture has not received general accept anre. 

C. n- and L-Series. Carbohydrates are assigned to Ihe n- or L-series, ac- 
cording to the configuration ni the highest numbered chain asymmetric 
carbon atom in the chain, i.e., the one farthest from the principal function - 
aldehyde*, keto, or rarlwxyl, etc. d- and r,-(llyceraldehyde are accepted us 
the reference standard fe»r carbohydrate, billowing ltosnnofT’s proposal. 

CHO f’HO 

I 

Ht'OH IfO(’H 

I 

(’H,orr 

U- L- 

The higher sugars, and compounds derived t herefrom, are all considered ns 
being dcBccndrnts of these two eneuitiomorphs, he> that the i>- or L-family 
assignment goes by the configuration on carbon 5 in hexoscs, carbon 4 in 
lientoses, etc Meso compounds, optically inuethc by virtue of internal 
symmetry, have no family alignment Like-ended compounds such as 
sorbitol huving the same configurations tor the terminal asymmetric carbon 
atoms may lx* considered ns lielonging to both series according to the carbon 
chosen as the point ol reference 

D. Alpha-Beta Designations. The two imoincric forms of cyclic sugars or 
derivatives thereof an* called a- and /J-isoiners. These isomers differ onlj 
in the configuration of the reducing (hemiacetal) group. 

In the generally accepted Hudson system, which applies only to cyclic 
tormjs, the more rfcartrorotatoiy anomer of a n compound is called <*,n; the 
other being 0,d. The more /ccorotutory isomer of an i, compound iin culled 
n ,l, nnd the other |9,l The a-toinis of enantiomorpiis an* therefore iniiroi 
images. Water oi chloroform is generally used ns solvent, Hiid |nr)„ is 
understood. 

Many correlations have been established lietween a, 0 assignment and 
configuration, but, as applied generally to aldoses and ketoses, and theii 
various functional derivatives, the assignment is Htill essentially on the 
basis of rotational behavior and family , as explained in the next chapter, 
the assignment has it ronfigurationul significance. 

•It Peirce, Hiol Chrm., US, 327 flOl-’S) 
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The configuration of carbon 1 of a-D-glucose is accepted oh being the same 
ns that of methyl ar-D-glucoside, but the anomeric ronfiguralionH of moat 
other fret* sugars have not been established unequivocally. There is no ac- 
cepted primary reference compound for anomeric configuration, correspond- 
ing to n- and L-glyceraldehydc for family assignment. 

Alpha and beta were also used by E. Fischer for naming the two 2 - 
epimeric sugars obtained by the cyanohydrin synthesis from the hexenes or 
higher sugars. The first of a pair to be isolated was called a. Configurations 
were established later. 



Here the a and fi are part of the configurational name. The » and /J unomers 
ol each can e\ist. The use ol « and d for this purpose is being superseded by 
other systems of nomenclature for the higlier sugars (sec (liaptei II ). 

Other isomerie carbohydrate derivatives originally ol unknown structure 
have lieen distinguished in the same way. 'Huis, then 4 are the «- and ff-<li- 
iaopropylideuc-fructoses, the «- and 0 -dextrius and the a- and fl-amyloses. 

The a- mid 0 -glyrosidoscs are enzymes which can hydiolvzc «- and jff- 
glycosidcs, objectively. The «- and ^-amylases arc two types of diastutic 
enzymes 

In view ol the social significance ol « and 0 m carbohydrates, il j h jn V f 
einble to use carbon numltcrs, rather than the a, ft, ■) system, lor locating 
substituents Thus glucosamine is 2-dcsoxy-2-nminnglncnsc ; 2-dp n o\yril)osc 
is used rathei than a-desoxyrihose and 6 -desoxyghicosc rather (lian u- 
desoxy. 

The symlmls y and 6 are now used only lur denoting 5- and b-membered 
luetones of Hie aldonie acids, Ring size for both sugura and lai > toni a s is also 
indicated by the numbers ol the carbon atoms concerned, e.g., 1 . 4 ; 3 ,ti. 
D-sacrha mdiluct one ; 1,5;1 ,2-n-ghieosan ( = 1 ,2-uuhydroglucopyrauoscJ. 
The term " 7 " has ls*en used 1 o designate fiinuuisc (1,4) modifications and 
orthoester derivatives of sugars. 



Chapter II 

STRUCTURE AND STEREOCHEMISTRY OF THE 
MONOSACCHARIDES 

1. Structures of Glucose end Fructose 

The stnirture oi glucose in c^Htalilished by the following evidence. 1 Dumub 
(1843) determined the empirical formula of the sugar to lx* CH«0 (when 
water is taken us H*0 and not as HO as it appears in the early work). 
Berthelot established the presence of a numlx*r of hydroxyl groups by the 
preparation of au acetate (indicated by him to lx* a hexaacctute) and 
formulated glucose as a hcxohydric alcohol ; however, as a result of addi- 
tional btudies (1802), glucose was formulated as an aldehyile-alcohol with 
five carbon atoms. The six carbon nature and the various known properties 
of glucose were expressed by Fit tig and by Baeyer (1808 to 1870) in the 
formula : 

(HO)Hj(' t'HKMIl- CH(OH) -CH(OII) -CH(OH) TOO (FMig, Buryerj 

The Rncycr-Fittig lormula is confirmed by molecular weight determinations 
(11. Tollcns and Mayer 1888), by the i.irmution of peutaarelatcs and 
uther esters uud by the exhibition ol many aldehyde-type reactions. Thus, 
the reduction ol the sugar produces n hexahydrir alcohol (sorbitol), and 
oxidation with Immune or nitric acid produces n monobasic acid (gluconic 
acid). Those reactions would be anticipated from the presence of on alde- 
hyde group. By rcdurlion (with hydrogen iodide) of the alcohol or acid 
obtained from glucose, ace-hexyl iodide or u-hexylic acid is obtained. The 
formution ui the wr-hexyl iodide proves that the sugar lias a straight chain. 
These and many other reactions support the Bneyer-Fittig formulation of 
glucose. However, os will lx* shown below, the formula does not show the 
stereochemical relationships of the various groups, and many reactions and 
pnijieilies of the sugar an* not fully expressed. 

The presence iu honey of a simpy sugar different from glucose was recog- 
nized by many early workers, hut the crystalline material was prepared 
first by Jungfleiseh and Lpfraiu 1 in 1 881 . The name of levidose seems to have 
lxx*n applied first by Berthelot (1800), whereas Emil Fischer (1890) sug- 
gested the name of fructose for thiH sugar. 

Fructose must be constituted similarly to glucose, for it is reduced to 
hoxohydric alcohols (mannitol and sorbitol). The mannitol has a straight 
chain structure as is shown by its conversion to sec-hexyl iodide by the 

1 For references see. "Neil steins Handbuch tier organischen Chemie,” Vol. 31, 
p. S3; JuliUB Springer, Berlin (1038). 
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ad ion of hydrogen iodide. Oxidation or the sugar with nitric arid yields 
wi w-tartaric acid (COOII Vliim <TI()H ("OOll), glycolic acid 
(C’HaOH <'0011) and oxalic acid ami must lake place by cleavage of the 
carbon chain. Hie formation oi tartaric acid and glycolic acid would be 
cxjM'ctwl if a ketone group is present at carbon 2. The existence of a ketone 
group is shown by the formation of a branehed- chain acid when fructose is 
treated with IK'N. The nature of the seuiK-rnrhmi acid formed by the 
addition of Ht'N was shown by Kiliani who reduced it to 2-mot hylhexauoir 
acid. Tlic original formula for fructose proposed by Krusomann (1870) 
and Kdiani (1881) is given Mow with its transformation to 2-methyl- 


hexanoic acid. 

011,011 

i 

CO 

('11,011 

('ll. 

1 

HOC— COOH 

1 

1 

(’ii— coon 

i 

1 

<( 1I0H HCN 

1 

CHOU 

HI l, “* 

011011 

I 

cnoii 

P ” ^ 1 

( II . 

1 

ouoii 

1 

(T101 1 

1 

(11 

1 

1 

(*11,011 

Kmc Lose 

(Krusemnnn and Kiliani i 

1 

ClljOll 

1 

OH 

2-M ethyl he union- and 


2. Stereochemistry 

A. General Principles. The siigms with the formula (WIpO,, known in 
1880 wen 1 glucose, fructose, galactose, and surbose. Ot tin* known hexoses, 
1 wo tyjH's ol structures wen- present These types weie the glucos( k galactose 
type with aldehyde structures and the fructose-^ irhnsc tyj)o with ketone 
structures 

The occunence ol structurally identical sugars such as glucose and 
galactose pirseuted a challenge to the chemists of tin- later nineteenth 
century to pnAide an e\plana1iou lot the existence of isomers of a type 
othei than structural Manns. The basis for Ibis explanation was developed 
almost simultaneously by I/O Hel and \an’t I InfT and published in 1874. 
According to these workers, isomers of a type* othei than .structural isomers 
should exist tor compounds which contain asymmetric carbon atoms. This 
type of isomerism is illustrated Mow for glyceraldchyde (CIljOU -CHOU 
— CIIO). Kacli of the two isomers is represented by a tetrahedral formula 
and by a convent ional formula. 

The conventional formulas arc derived irom the tetrahedral formulas tiv the use 
of the convention estahliNheil by Fischer. 1 The tetrahedrons are represented as being 


> E. Fischer, Ber., *4, 1836, 2683 (1891). 
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held au that the dulled lower edge it. in the plane uf the jm|>cr; ihe fl and OH uumera 
are above the plane of the paper a itli tho aldehyde group at the t op. The eonventional 
formula repreeentH the projection of the model on the plane of the paper 


GHO CHO OHO CHO 



CHjQH CHjOH CH | OH CHgOH 


The hvo tetrahedrons differ only in <he configuration of the 1 groups in 
space, and the substances are culled stereoisomers. Careful examination ol 
tlie above figure, nr better of models, will show tlmt no matter how tho 
tetrahedrons are turned in space they cannot 1 >e made to coincide* flow- 
over, it should Ik? noted that the two tetrahedrons an* related in a fashion 
like that of an object and its mirror imago When two of the groups attached 
to the same carbon arc identical, isomerism of this type is not possible. The 
presence of asymmetric carbon atoms in organic compounds was suggested 
by Le Bel and van* I llofl as the cause ol the optical activity of the com- 
pounds. Compuuiuk which contain such atoms cause 1 a relation of tho plane 
ol polarisation of piano-polarized light w r hen tho liglit is pussed through 
tlioir solutions. 

For each ol the tnoscb shown above, tluve an 1 two related tetroses. The 
totrobes have two asymmetric carbon atoms; tho formulas of the four pos- 
sible isomers aw 1 given Mow in both the tetrahedral and the ordinary 
formulas. 


Thr Fiwliri Conhgmational Formulas for the Four Tetroses 
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The isomeric tetroses differ in their spacial relationships and cannot be 
brought into coincidence by rotation of the models in space even though 
free rotation about the bond between the tetrahedra is possible. The 
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formulas I and IV arc a pair of mirror images ; II and III represent another 
such pair. For the four-carbon sugars, there ore two pairs of mirror images 
fenantiomorphs) and four stereoisomers. In the sugar series, substances 
which differ only in the configuration of the carbon atom immediately 
adjacent to that carrying the carbonyl or carboxyl group are known as 
epimers In the alien e formulas, 1 and II roprchenb a pair oi epimers and 
TII and IV another pair. It may be well to extend the definition of epimers 
to mean any paii of stereoisomers that differ solely in the configuration of a 
single nsvmmetrir carbon atom. Hy this definition compounds V and VI 
would be 2-ppimers and compounds V anti VI T would lie 3 -epimers. 
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In general, the number oi stereoisomers I or n structure which involves n 
asymmetrir enihon atoms is given by 2". However, when the terminal 
groups in the molecule are identical, the number nl isomers is ghen by: 
2 1 , (2 S +1) when n is an even number, and by 2 n_l when a is an odd number 
Thus, tor the tnrtarir arids (COOII- CIIOll CHOIl COOII), three 
isomers are possible, for the pentario (hydroxyglutaric) aeids (COOII 
CIIOH CIIOll- CHOU- COOH), four lsomprs ait 1 possible. Fewer 
isomers can exist when the entl groups are identical because of the sym- 
metries which develop. Thus in the compounds which ha\e an odd number 
of asymmetric carbon atoms, the central carbon has two attached groups 
which may lun e the same structure. If two groups aie identical, the numbei 
ol asymmetric centers is really n — 1. This relationship inay lx 1 seen from 
the formula given lielow foi the ppniarir (trihydmxyglutaric) acids. 
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The isomeric tartaric acid* 


Tri hy il roxy r! ut ari r acids 
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For the tartarir acids, which have an even number of carbon atoms, the 
number of isomers is reduced to three because of the symmetry of the 
molecule. Tho two formulas represented by III are identical. This identity 
may be shown by moving either of formulas III through 180°, keeping it in 
the plane of the paper. It then liccomes identical with the other formula. 
When formula F is rotated in the plane of paper tlirough 180°, it does not 
become identical with either II or 111. A better tost is provided by the 
construction of the space models ; it this is done, it will lie found possible 
to construct only Ihree stereoisomers. Note, however, that any mono- 
substitution of 111 destroys the rnrso symmetry, giving rise to enantio- 
morphs. 

In general, compounds which contain asymmetric carbon atoms rotate 
the plane ot polarization of plane-polarized light. For this reason they are 
said to lie optically uctivc. When the moleculnr symmetry is such that the 
optical activity of one portion of the molecule is cancelled by that of the 
second portion of the molecule, the compounds arc said to lie internally 
compensated and arc called wr&o compounds. The tartaric acid with the 
formula III is such a compound and is known as the vum tartaric acid. 
The tarinrir acids identified as I and II have been known ns d-tnrtaric acid 
und /-tartaric acid because ol llic sign of their optical rotations (r/exfroand 
/m>, respectively). (The nomenclature of these acids is discuss'd later in 
this chapter.) The compounds I and II are mirror images (also called 
cnantiomorphs) and have identical properties such as melting points, solu- 
bilities, etc. They differ only in the sign of their optical rotation and in their 
behavior towards asymmetric agents, u., other optically active sulwtnnces. 
Mixtures ol equal amounts ol the acids I and II are optically inactive and 
are termed rueemic or d,i. mixtures. Tho optical inactivity of such mix- 
tures arises from “external compensation” as distinguished from tlie “in- 
ternal compensation” of the mm form. Racemic mixtures are iinportunt 
because they an* idwnys produced in the chemical synthesis of potentially 
active substances from inactive materials unless asymmetric substances 
have lieen used in the synthesis. The widespread occurrence of optically 
active substances in natural products usually is to be ascribed to the 
asymmetry of I he nalurul catalysts, usually enzymes. 

On the basis ol the aboxe considerations, which are consequences ot the 
lx* Kel-xau’t Hoff theory, the niunhei ol isomers of each of the sugars 
having seven or less rarhon atoms and of the corresponding dibasic acids 
and alcohols Is given in Tabic I. 

B. Estab lishm ent of the Configuration of Glucose and Some Other 
Sugars. The existence ot structurally isomeric sugars was a corollary of the 
Le Hel-vnn’t Hoff theory. After publication of the theory in the latter part 
of the nineteenth century, it waa Boon realized that sugars such oh glucose 
and galactose are stereoisomers. In a series ol brilliant researches, Emil 
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Fischer applied the Le Bel-van’t Ilnff theory to Ihe sugar series anil estab- 
lished the configurations of Ihe individual Hugars 
Fischer's proof was published hi two pa|>ers which appemed in 1K1H. 1 
llis proof was expressed in Ihe terminology and conventions of the time. 
Since the expression of llie proof in Ins original fashion would require a 
detailed explanafiou of the older concept s cal stereochemistry, it seems bet- 
ter in the present discussion to use the data available to him at the time 
and to intioduee the proof in terms ol modem concepts and conventions 
The present discussion follows the proof of configuration as outlined 4 hv 
C R. Hudson and in pait quotes him 

Tablp l 

Numhn of SUmnsomi i s oj thi 1 tdi h ifdo Sugtvs and Atdni u At ids f on tain nit/ 2 to 7 
C ui bo ns and of fht ( f ui i tsjwn d mtf Alcohols and Dibasic 1 ndn 
(See also Table I of rhaplei h 


Number of possible forms or isomers 
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Pent uses 

6 

S 

1 

Ilexosi-* 

A 

16 

10 

lleptuscb 

5 

32 

16 


* When w m an odd uuinbei oue carbon i b not asMiiinetni 

The following iacts were availa)>le to Fisclier at the time of his establish 
ment ol the configuration of glucose 

(1 J Three sugars with the iormulri I'sHuO* (n-gluco>e, D-maunosc and 
D-fructose) react with an excess of pheiiylhvdraziuc to gne the same 
product, glucose phenylosazone The reactions are illustrated in the ac- 
companying foi inula s 
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Glucose and 
Mannose 

• TO. Fischei , Btr , Af, 1836, 2AS3 (1891). 

4 C. S. Hudson, J. Chem Education, 18 , 353 (1941). 
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HC— N- NHC.H 

OHjOH 
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C— N— NHC.H, 

1 

co 

| j CiHiNH— NH« 
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fCHOH\ 
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rH.OH 

(ilurnw phenyl oiinr on>> 

Fnicloae 


The above reactions prove that manno.se and glucose are 2-epimcrs, »>., 
they differ only in t he configuration oi carbon atom 2 ; also, fructose, glucose 
and mannose must have thp same configurations lor carbon atoms It, 4 
and 5. 

(2) Glucose and mannose are oxidized by nitric acid to dibasic acids 
which are different and which are both optically active. 
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'Hie optical activity oi the products prenes that the configuration of the 
asymmetric atoms (carbon atoms 2 to ."») cannot lie of the typp which 
produces internal compensation. 

(3) T.-.\rahinosr, which had bmi isolated tioin licet pulp bv Srheiblcr 
in 1868 atid shown to lx* an aldnpcntn.se by Kiliaui in 18K7, reacts with 
HON with the pioductiou of a nitrile which hydrolyzes to a six-carbon 
monobasic acid (1). This acid was shown In fflscher to lx* the mirror image 
of the acid (II) pnxluced by the mild oxidation of mannose. 
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In the synthesis ol li-inaunonic acid (1), a stnamd add also is formed 
which is enantiomorphout. with that obtained by the oxidation of glucose. 
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The dibasic acid obtained by the nitric acid oxidation of the arahinose also 
is optically active. 

(4) Saccharic acid not only can be obtained by the oxidation of D-glucosc 
as indicated above, but it is also obtained by the oxidation of another 
hexose, L-gulosp. 
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iMiiilcmi’ i.-CIulmnr m-itl D-pIuro-HatThiuir uriil 

(5j No generally acceptable method is available lor the establishment of 
absolute configurations. The method list'd by Fischer, and deserilN'd below, 
leuds dually to a choice between either ol a pair ol configurations which 
haw 1 a mirror linage relationship. Fischer’s sola lion ol this problem con- 
sisted in the arbitrary assignment to saccharic arid (derived from glucose) 
ol (me of two possible formulas, liv this action a convention was estab- 
lished, which enabled him to make a choice between the enantiomorphous 
formulas for other substances, once their genetic relationships with sac- 
charic acid or glucose had been established. Fischer’s concept, although 
fundamentally correct , lias been somewhat modified and inode more precise 
(See discussion of o,L-usage later in (his chapter.) In conformity with the 
modern concepts, the convention may lie expressed by placing the hydroxyl 
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of carbon 5 of glucose on the right side of the rarbon chain (see proof 
below). According to tbo convention, glucose then will be railed D-gluoosr ; 
because mannose and fructose have the same configurations for carbon 5, 
they also are known as n-mannose and D-fructose 

The above facts were known at the time of Fischer and, in conjunction 
with the Le Bel-van't Hoff theory, enabled him to select the configuration 
of glucose trom those for the tight configurations which ure possible (when 
only one of each of the mirror images is considered). Hie following proof 
quoted from a paper by C S. Hudson, may be said to tie a modernised 
version of the Fischer proof. 

'‘Write the formulas for a pentose (A) and the two hexusca (B and (>) 
which it yields by the Fischor-Kiliani ryanohydrin synthesis us shown in the 
accompanying diagram (1), using Fischer's convention that the asym- 
metric carbon atoms (tetrahedrn) ha\c the lower edge in the plane of the 
paper and the comers which cany the II and Oil groups lie above this 
plane. The arrangement of the II and Oil groups is then decided through 
the following steps, hi which the pentose h selected lo be n-arabinose and 
in consequence the hcxoscs become n-glueose and D-miumose ” 


HCO I HCS I 



H|GOH • 
1*1 


(I) 

“Step 1 By convention for the o-eonfigurational series OH is on the right 
of C-5 (see II). 

“Step 2- (D) is optically actiie hence OH is on the left ot C-3 (see II). 
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‘Step 3 n-CUucoae and D-mannuse hip epinieiip, lienee the OH*s on C-2 
mo opposed. Ijithrr (B) oi K 1 ) may lie selecled as having 
Oil on tho nglit, without (hanging Hip final ipmiII, here the OH 
i* plaml to the fight of 0 2 in 00 .mil emw (pjenfly to the left 
in (C) (sceim 


HCO I HCO 



HsCOH S OOOH 

U) CPI 

(Ul) 
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‘Step 4-Bmce both saccharic and mauiui-hwcharic acids (E and Fj arc 
op ically active the configuration of neither of Am oan pom 
end-tM‘nd sym««.try ; hence the OH on (4 must lx- on the right 

(see ). (If it wire on (he left, (E) would La\o end-to-end 
symmetry.) 



(IV, 


At this stage the configuration of lMuabinnsc (A) and its dibasic 
acid (D) hate Ijerome established. u-Glueose and u-mannosc 
have lieen limited to the configurations (B) and (Cj, hut the 
couelation within this limit remains In lie established. This is 
done by: 

‘Step •> Saccharic acid is ohf tunable liom the oxidation of each of two 
hexoics, namclv glucose and gulosc. (E) must tturelorc refer to 
o-saccharic acid liecause (F > cannot icsult from the oxidation ot 
two hexoses lienee (B) rcfcis to n-glucosc, (C) to n mannose, 
and (F) to n-mnnno-sacrhnrie acid ” 
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The proof is now rompletc and (V) the formulas become : 
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By moans oi the Fischer convention, the (ctinhcdrnl models for glucose, 
mannose 1 and arabinoso art 4 equivalent 1.o the 1 planar lormulus given below. 
The formula for fructose is derived from the fart that fructose yields the 
same osazone as glucose when treated with phenylhydrazinc (see above) ; 
it and glucose must have identical configurations for carbon atoms 3, 4 
and 5. 
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(FiBcher formulas) 
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C. D and ^-Nom e nclature. In some types oi optically active compounds, 
it has been customary to distinguish between the enantiomorphous modi- 
fications by indicating the sign of their optical rotation as "d" (dextro- 
rotatory) or “1” (levorotatory). Thus, rf-tartaric acid (the naturally oc- 
curing form) is the isomer which has a dextrorotation. This usage is not 
followed in carbohydrate rhomi&try except in exceptional instances. Fischer 
established the convention of calling ordinary glucose d-glucosc and em- 
ployed the prefix d- in a configurational heuse to mean that a d-substancc is 
derivable from d-glucose whereas an /-substance is derivable from /-glucose. 
Hence, fructose was called tf-fructose although it exhibits a levorotation. 

The Fischer system, however, was modified by Rosanoff* in order that 
certain ambiguities would be avoided. Thus, the following transformations 


have been carried out. 
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Either of Ihe enantiomorphous forms of soccharir acid may bo produced 
from ordinary glucose as shown above. Since the transformation of the t>- 

*M. A. Rownoff, J Am 

Chem. Nor., 28 , JM (HMJtt) - 
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xylose (natural form) to a Hoccharic add which is I he mirror image of that 
obtained by the direct oxidation of the glucose wan observed first, the 
natural xylose originally was culled /-xylose by Fischer ; if the conversion of 
glucose to xylose through glucuronic acid hud lK*en observed first, the 
natural Hugur probably would have been termed d-xylosc. 

The system proposed by Rosanoff placed the use of the symbols d and / 
(or now » and M on it logical genetic liosis. His system is universally ac- 
ceptcd by carbohydrate chemists. It starts with the definition that the 
glyrerose which has the formula (1) shall lx* called D-glycoraldehydc and 
that with (lie formula ill) shnll he called L-glyeeraldehyde. 

(’HO CHO 

■ j 

neon noon 

1 i 

1 1, roil ii.con 

d (llyppriildehydp i (rlyrpraldtliydp 

(ii rii) 

In (In 1 iJuiti* lining ( In' pupital Jotieih n and i (small liuimiii rapUslHi ure uned 
lather 1 li.ni i lit* sum 1 1 lellris d and / Thih i li.uigi 1 sppnib to be uahiing favor al 
If fiat in Anu’j if ii ii piibliratioiis One ipiihijii foi Hn* rlmn^r 1 is to »t\oid ronfiisinu uilh 
tl ami {-iisummI, pariiciilaih nulhide Hie field ul far ho In (half rliemiHln , In lmliral' 1 
the signol mlalMii vatliri Ilian llip ronfi^uialmvi Jl is urged thul r ho rapital lellers 
hr n tinned nnl\ loinrlii n I «* c • nhgiii tlimis.ind id I lit sign rd rotulinn 

According In Rosanofl, all nf the higher cigars whirli conceivably might 
l)e derived from D-glyeeraldehyde hv hiinwT application of the cyano- 
hydrin synthesis shall bo railed n-, sugar*. Similarly, all of 1hnse oblainrd 
in this manner from ii-glyrcraldeliyde shall be called L-sugars. 
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Sinor a new asymmetric corlwn atom in produced in the addition of b 
carbon atom (through Iho cyanohydrin synthesis), two opimors arc pro- 
duced from each of the glyeeroscK. A continuation of this process a ith each 
of the four-carbon sugars conceivably would give four D-pen touts and four 
n-pen tones; application of the cyanohydrin synlhesis to the pentoses pr *- 
duces in turn eight u- and eight L-he.\oses. Vlt hough this entire prucess has 
not boon carried out experimentally, intcivonversinns have lx*en carried out 
in number sufficient for the allocution of Ihc configurations of all of tlie 
possible sugars through the hexose stage and for many ol the higher sugars. 

In general, substances may lie defined us belonging to the u-family when 
the asymmetric carbon atom most ivniulo from the reference group (e.g., 
aldehyde, keto, carboxyl, etc.) Ims the same configuration as in o-glyeer- 
aldohydo; if this curbon lias the same ronligurution as that in L-glycer- 
aldehyde, the sulistance belongs to the n-fainily. Wlien the compound is 
written in the Fischer manner witli Ihe ivference group towards the top, 
the allocation to the o- or l series is made on the bnsis of the configuration 
oi the boltnm-inosl nsyiniucliic carbon atom, usually the ix'imltiniate 
carbon; substances ol the u-series have the hydioxyl group lying on the 
right and oi Ihe n- series on the left When two possible ictereuce grou)M 
air present in Ihe same nioleeule, the choice of reference group is usually 
in the following order: t’lIO, COOIl, (’(» (ketone) ; lor example, in n- 
glueuronie acid, Ihe reference group is I lie aldehyde group ratlipr than Ihe 
carboxyl gi oup 

This elnssification leads to ambiguous assignnienl in the case ot eeitain 
optically aeti\ e, like ended compounds w herein the end asymmetric carbons 
have the same configuration Such compounds must have n minimum chain 
length ol six carbon atoms, and of those with six carbon atoms ouly the 
glucose (sorbitol) configuration leads to ambiguity. Thus, iwirbitol might 
In 1 culled o-gluritnl nr i.-gnlitol 
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Since sorbitol is a trivial name (like sucrose or lactose ) given to the naturally 
occurring compound before the configuration was known, it may l>e used 
properly without the n- specification as the name of the naturally occurring 
isomer. 

Either end of the chain can lx* considered to lie the princiital function 
so that the configuration at either carbon 2 or carbon 5 would make the 
family assignment l or n. Compounds of this type, called umphi by Rosa- 
noff, are more numerous in the higher rarbon series. fduru-Harrhario acid is 
another important example. In practiee, sorbitol and yluro-sacrhurir acid 
have inherited the D-assignment from the more important parent, which is 
also the one from which the compounds were first obtained. 

In nue of the accompanying diagrams, the eonfigurations of the o-aldoses 
which haA r c six or less carbons in the molecule ure illustrated ou the basis 
of a genetic relation with the D-glyeeraldehyde, although, os mentioned, the 
complete derivation of the pentoses and hexoscH from the glyccraldehydes 
has never been accomplished. The other diagram shown the configurations 
of the n-ketoses w ith six or less carbons in tho molecule and tlieir configura- 
tional relation to the parent D-erythrulosc. 

Because many optically active substances can be related to the tartaric 
aeidH, it is desirable to relate the configurations of the sugars to these acids. 
This correlation was accomplished first by Fischer,' but it will be illustrated 
by the conversions carried out by Horkett : T 
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The configuration oi the lcvurotutory tartaric acid is established by this 
process. In conformity with the Rosanoff system, it should be known as 
u-tortarir acid, but it usually is described by its original name of l-(kvo)- 
tartaric acid which was given because of its levorotation. The naturally 
occurring form is the dextrorotatoiy, L-tartaric acid, or earlier, rf-tartaric 
acid. In order to avoid confusion, the configurational names d- and L- 
threaric acids might lie used. 

•E. Pucker, Hu., JO, 1377 ilgtfO). 

» H. (’ Horkett, J. Am. ('Arm. Sue., 57, 2260 |183J>j 
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Thp relate! optically active erythritofe were called d aud l in the early 
literature although they lutve the l and n configurations, respectively 
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ouBiasmy or this cahbohydkates 


Likewise, Maquenne and Ilerlrand" called their erythrulose (from meso- 
prythritnl) d-erythrulone, 

Hookrlt gave rf-orythnilope its ronfigurational ^-designation and likewise 
proposed u- and irtlireitol for the optically active erythritols. The mrtto 
form is known ns erytiiritol. Tin* present authors use the configurational 


nomenclature for these 

compounds; 
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Ti'fhriirftl i»r rl-Krythritrd /MCryl hrulnsr / Tlirnwr </ Tartmii- m-iil 
historical mum* 

Tlu 1 biologically important sarcoluctic acid is usually called (/-lactic acid 
from its rotation, its carbohydrate naiuc is L-luctic acid. The common /- 
malic acid is considered to have the configuration 

IJ 

I 

lioot 1 — o— til,— coon 

hence, its carbohydrate name would be 2-deso\y-r>-tartiu > ir acid. 

3. Ring Structures of the Sugars 

A. Necessity for Ring Structures. Soon alter tin* formulation of glucose 
as a polyhydroxy aldehyde and oi fructose its a polyhydroxy ketone, it 
became evident that the open-chain formulas would nut account for all of 
the reactions ul these sugars. Thus, the sugars gi\e a negathe test with 
the S chi IT reagent (fuchsia and suliuroiis acid) under the usual conditions 
of test although, under milder conditions, positive results are obtained.' 1 

The aldehyde and ketone structures also do not account for the change 
of optica) rotation w liich may 1k‘ observed for the freshly prewired aqueous 
solutions of many sugars. This phenomenon, now called muturotatinn, was 
observed by Dubmnfaul in 1810 for glucose solutions. 

When the hydroxyl groups of glucose arc esterified by treatment with 
acetic anhydride ami a catalyst, two isomeric pentaacctates arc formed. 

"L, Maqiuuim 1 ami Cl. Hertnuul, Com/rt. Nil) (1!N)H. 

" A. Vi] liars uni I M Fayulle, Hull *oc chim . [.'}] //. 692 (1891); W 0 Tohio, 
find- mug Chem , 4, 405 (1942). 
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Similarly, two isomeric methyl glurogides are formed by treatment of 
glucose with methanol and hydrogen chloride. The existence of two glucn- 
sides 1 ® and two pentaacetales 11 cunnot be predicted on the basis of the 
aldehyde formula, a conclusion first stated by Fischer in the ease of the 
methyl glueosides, which he discovered. 

The isolation of crystalline isomers ot the sugars provided additional 
evidence for the inadequacy of the aldehyde formulas. Vs early as I85li, 
two crystalline modifications of lactose were prepared by Erdmann 14 , the 
forms which are now desiguuled or- and 0-lartosr; he discovered their 
muturotatimiR to the rommon equilibrium rotation. Tanret 1 ’ in 1895 re- 
ported the isolation of three forms of glueoHc which he described us a-, 
fj- and Y-ghicose with the following relations: 

n-GliiroBt* “(J-GluroHc” '‘vtilurow” 

(-106° - - — » +52.5' « +22.5‘ 

When dissolved in water, the n-glucose mutarotated downward and the 
“ 7 -glucose” upw ards 1 o t he same constant specific rotation of <>2.5 n . Tanret ’« 
"jtf-glucose” exhibited no mutarotation and later was considered to lx* a 
mixture of the two other forms in their equilibrium proportions. The name 
of 0-ghieose is now given to the form which he named as -glucose.” The 
common form is the a-isomcr. 

Even before the various isomers of glucose and its derivatives luul liecn 
isolated, the alvsence of some typical aldehyde renetions for glueose had 
lieen explained by Colley fl870) ami by Tollens (1883) as arising from a 
partial bloeking of the aldehyde group by the formation ol an inner hemi- 
aretal tyi>c ol linkage. The formulas proposed by Colley and by Tollens 
are illustrated below . 
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'• E Fischer. Bet., S8, 11*5 (1895). 

11 E Erwin mill W Koenigs, Btr., St, 1 161, 2207" (1889) 
»E. 0. Erdmann, Btr , IS, 2180 (1880) 

" T. Tanret, Compt. rend., ISO, 1060 (1895). 
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The ring forms of the sugars represent intramolecular hemiaretal deriva- 
tives. Aldehydes react with alcohols with the formation of hemiaeetals and 
acetals: 

OH' 

H— C1IO R ' 0U -» R-CII^ — - H -* H — C1U OR ')t 

\ 

Oil 

Hpmiaci'l al Arelal 


For Hie sugar, the hemiaretal (ring) formation takes place l>v reaction of n 
hydroxyl w illi the aldehyde group in the same molecule. Kuril of the pos- 
sible ring formulas for gluenHr allows for two isoineo which differ only in 
the configuration ol the hemiaretal group, as carbon 1 is asymmetric in the 
ring form. Such isomers arc distinguished as a- and d-isomers, e.g., a-glurosc 
and 0 -glurose, and are termed nnomtr « The hemiaretal carbon atom some- 
times is known ns the momrnr or mincing carbon atom The existence of 
isomeric glucoses, pentuacetyl glucoses and methyl glueosidrs lieoomes ex- 
plicable when the sugar and its derivatives have ring structures. 

B. Proof of Ring Structure. Subsequent to the proposal of the ring 
stnieturcs for the sugars and derivatives, acceptance bv earboliyrlrate 
chemists 11 gradually took plaee. However, it was not until the period 1920 
to 1930 that conclusive proof could Ik* offered for the positions of the rings 
Prior to this work, the rings usually were considered to lie oi the 1 , 1 type 
shown above in the Tollens formula, i.r., with the ring formation liet ween 
carbons 1 and 4. This type of structure wan based mainly on an analogy 
with the acid series for which it was known that 7 -hydrox.v acids could he 
converted to inner esters (lactones) which have the 1 , 1 or 7 -structure. 

Methods now arc available for the unequivocal determination of the ring 
structures of the glycosidic derivatives of the sugars. The glycosides are 
made by condensing the sugars with alcohols in the presence of acids. (For 
a detailed discussion of the preparation of glycosides and of the details nt 
the determination of the structures, see Clmpler V.) 
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14 8er for example*: K Pifwher anrl R ZhcIi, Bet , 45ft (1012). footnote on p. 461. 
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Originally, the structural ol those glycosides wen 1 demonstrated by oxida- 
tion (if the glycosides In fragments which wrp identified In ordoi to pre- 
vent the oxidation from proceeding ton far, the four unsuhstil uted 
hydroxyls first were etheutied with methyl groui>s. Details of this method 
are given later (p. 207). An easier and more direct method involves tl » 
periodic aeid oxidation of the glycosides Vs shown in the fomnila below, 
this reagent cleaves the linkage between two adjarent h.vdro.\yl-lH*uruig 
carbon atoms anil removes a hvdiogen atom from each carbon. A primary 
carbincl I ( '11*01 D yields iormaldehydi ; a secondary carbinol (CIIOH) 
gixea rise to an aldehyde group or, it flunked by two carbinol groups, to 
lonnir acid The icaclion is practically quant it at he, nnd the cimaumption 
of peniNlate is a direct measure of the number of udjae n nt hydroxyl groups 
in a compound The stiueturc is determined from the nature of the oxida- 
tion products, togctlici with the amount of oxidant that is consumed 
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The possible structures tor methyl a-n-glucoside an* given in lormulas I 
to V. "Hie brackets indicate the adjacent hydioxyl groups. 
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The ordinal y methyl glucusides consume two moles of periodic acid, and 
no formaldehyde is produced. Hence, the struct ure must lie that represented 
in IV, which lu is a 1 ,5 oxygen bridge. 

The evidence Riven above and explained in more detail later (p. 209) 
confirmed in most instances Ihe structures obtained by the earlier methyla- 
tion-u\idatinn studies. The periodic acid oxidation method is used widely 
lierause dI its simplicity As a lesult of the application of the methylation- 
oxidation tcchnu|iie and oi the periodic acid method, it is known that the 
most common ring present in the glycosides is of ihe six-incmliercd type 
connecting caibon atoms 1 and 5. However, rings formed between the I 
anil 4 positions me I mind in some glycosides Sugars and derivatives which 
ha\e the 1 .5 tyj)e ol ring may lie considered to be derivatives of pyran 
and those with 1 ,4 rings to tie derivatives of luran These relations are 
shown in the accompaiiving lomiulas 
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Tlie sugais related to pyran uie known as pyranoses, and the corresponding 
glycosides as pviniiosidcs Those with furau rings are fmanoses and tuiano- 
sides, respect i\ely. 

Although absolute methods aiv available for the establishment of the 
ring struct lues ot the glycosides, the corresponding methods foi the sugars 
are indirect hoi the glycosides, the rings usually ure quite stuble under 
alkaline and neutral conditions. However, in the case ol the sugais, diffi- 
culties arise 1 mm the ease with which ring changes may take place as soon 
as dissolution of the sugar occuis. The methods which arc applicable to 
the determination ol the ring forms of the sugars must lx* such that ring 
changes do not precede the necessary reactions. In the following methods, 
this condition is assumed. 

One met heal tor locating the position ot the ring in unsubstituted sugars 
requires oxidation to the corresponding acids or lactones. As shown in the 
following formulas, the ring compounds should be oxidised (dcliydro- 
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genated) by brunune to the corresponding lactones, whereas Uie free alde- 
hyde forms would give the corresponding acids. 
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'Hie oxidation miction takes place in .solution, and the nature of the 
oxidation products establishes the structure of the original sugar unless 
ung shifts take place piior to the oxidation miction. By application of this 
method 10 , it has Wn shown that the common torm of D-glucoae (the alpha 
isomer) gives glueonic fi-lartnno The* d-n- glurose gives the same material. 
Hence, both liaxe pyrnnose (1,5; rings, otherwise the 7-laetones or the 
free acids would he produeed. The method has not Iwen widely applied. A 
crystalline addition compound ot mannose and calcium chloride yields 
mnnnonie 7 -lactone, and apjjcurs to Inn e a furanose structure 1 *. 

By the bromine oxidation method, the structure of the sugars can be 
correlated with those of the corresponding lactones and acids. The proof 
requires that the structures of the lactones lie known. In general, the 
method depends on a correlation ol the properties of the lactones with those 

11 II H Isbell and W W Piguiin,/ Hmimch And Hui Mnnitndh, 10, 337 (IMS3), 
H S Isbell and (' H Hudson, ibid , 8 , 327 (1032), II S Isbell, ibid , 8. filA (1032) 

11 II 8 [shell, ./ \m ('hem Mat , 55, 21b6 (HJ33) 
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uf the methylated derivatives obtained by methylation and oxidation of the 
glycosides of known structures. 

Another method for tiie establishment of the ring structures of glucose 
(and other sugars) involves the correlation of the optical rotations of the 
sugars with those or the glycosides. This melhod, although not absolute, 
was developed and widely applied by C. 8. Hudson and has much value 
for this purpose. It considered in a later section (p. 80). 

The ghicosirlcs are hydrolyzed to glucose by certain enzymes (see (Chapter 
XI). The identification of the form of the sugar which is released provides 
a melhod for the correlation of glycosides with the crystalline forms of the 
sugar 17 . The product formed by the enzymic hydrolysis of methyl cx-gluco- 
side appears to Ik* the ordinary a-isomer; that from methyl 0-glucnside 
appeal's to lw j the /3-isomer, lienee, unless ring changes take place very 
rapidly, the a- and /3-forms of glucose would appear to have the same 
pyranusc structures as the corresponding glucosides. 

The present methods tor the determination of the structures ol the un- 
substituted sugars are rather unsatisiactory as absolute methods lieeause 
ot the possibility ol ring shifts. However, the evidence which is available 
indicates that most of the crystalline sugars have pyranose ring structures. 
A double compound ol mannose with calcium chloride probably lias the 
furanose structure 1 * and a disaccliaride ketose, lactulose, may e\ist as the 
furanose modification when in the crystalline state 18 . Otherwise crystalline 
luronose derivatives are knowTi positively to exist only in compounds in 
which ling shifts are not possible (glycosides, disaccharides, etc.) or in 
compounds in which the hydroxyl that forms the pyranose ring is blocked 
by substitution with a stable group. 

C. Configuration of the Anomeric Carbon Atom. For each ol the ring 
modifications ol the sugars, two isomers can exist, localise a new asym- 
metric carbon atom is created by ring closure at the reducing carbon atom. 
These isomers are known as a ,/3-isnmers or unomers. 

r ' i — 

HOC1I I 1IOO JICOll 

I o ** I ! o 

— C’- I — C— — v- I 

I I ! I I 

As noted previously, the existence of such isomers was one of the most 
important reasons for the formulation of ring structures. The isomeric cr- 
oud /9-glucoscs have quite* different solubilities, melting points and rota- 
tions. The isomeric pentaacetates and methyl glucosides exhibit similar 
differences in properties. 

The conductivity of sugars freshly dissolved in boric acid solution may 
give an indication of the absolute configuration of the anomeric carbon 

11 E. F. Armstrong, J . Chem . Sou., W, 1305 (1903) 

ia H. B. Isbell and W. W. Pigman, J. Reaearck NatL Bar. Standards 773 (1938). 



HONOBACCBABXDB 6 TKUCTT 7 BE AND STEREOCHEMISTRY 


atom. 11 * ■* Boric acid forme complexes, probably of an ester structure, with 
cis hydroxyl groups on neighboring carbon atoms (see p. 183 and 253). 
When a-glucose is dissolved in a boric acid solution, the conductivity of the 
solution decreases with time until a constant value is reached ; on the ot 1 it 
hand, the conductivity of /3-glucose solutions increases with Lime. This 
liehavior would l>e expected for these sugars, if ar-gluropyranosc lias a m 
pair of hydroxyls at carbon atoms 1 and 2 , and 0-glumpyranobe a Iran a 
pair. 

The above evidence conforms with the accepted configurations for carbon 
one of the anomeric n-glucoses and played an important part in the accept- 
ance of these configurations. However, Boesrken and his co-workers halt' 
shown that when adjacent cis hydroxyl groups are present in a M rainless 
six-memliered ring, boric acid may not react because' of the mutual repul- 
sion of such groups, i.e., the adjacent hydroxyl groups will tend to lie ori- 
ented as fai apart as possible. Also, Iluckel and co-workcrs s#b have shown 
that thi k geometry of six-membered carbon rings of the strainless type' is 
such that ns groups may l>e oriented a maximum of 72° apart, whereas 
trans groups may approach as close as 18° Additional complications arise, 
for most sugars other than glucose, in tliai pairs of contiguous cis hydroxyls 
are present in uddition f o those at carbons j and 2. Also, the furanose form 
may react preferentially. 80 ® 

The periodic acid oxidation provides a means for correlating the configu- 
ration of the anomeric carbon atoms of the glycosides (see also p. 210). 
As shown in the accompanying formulas, representative of the hexosides, 
carbon 3 is removed in the process (n& formic acid), and the asymmetry of 
carbons 2 and 4 is destroyed. 
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In the dialdehyde (V; only two asymmetric carbon atoms remain, and 
these are derived from carbon atoms 1 and 5 of the original glucoside (IV). 

11 For summary see. .1 lWienekon anil H. Oouvcrl , Rise, irav rhim , 40, W84 (1021) 
m R. Verschuur, Rec. trav . chim 47, 123, 423 (1928). 

■* W. Httokol aud coworkers, Ann., 683, 128 (1037) ; Chcm. Ab*t. t 58, 3373 (1938b 
*» See: J Hfeseken, Ru. trav. chim., 61, 663 (1P12> ; Chnn. Ah%U, 39, 2084 (1948) 
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Hence, all of the D-uldohexosides should yield the same dialdehyde (V) as 
the corresponding a - or 0-D-glucosides. The configuration of carbon 1 of 
each of the glycosidic derivatives of the hexoses may be correlated with 
those of the glurosides in this manner. 21 

The method employing periodic acid oxidation does not allow for an 
absolute determination of the configuration ot the hemiacetal carbon atom 
of the glycosides, but it provides a method by which the configuration of 
the hemiacetal carbon of the various liexosidcs may be correlated until that 
of the glucosides. By means of comparisons of optical rotation or by u 
study of the products of enzymic hydrolysis, the relation between the 
configuration lor earlmu atom 1 oi the glucosides and glucose may lie 
established. However, the development of more absolute methods would be 
a very desirable undertaking. Much methods are needed particularly for the 
ket uses. 

Additional evidence tor the configuration ot carbon 1 of some of the 
phenyl glycosides lias licon obtained 2 ’ from studies of the action of alkalies 
(p. 215). The 0-isomers form a 1 ,li-an hydro ring by the elimination of 
phenol whereas the a-isorners are affected only slowly or not at all. Tiiless 
a Walden imersion takes place in the formation of the anhydm ling, it 
would lie expected that the reaction would take place between groups 
having a m relationship with respect to flic sugar ring. Ilence, the reur- 
tivity of the 0-glyeosidcs might be asciibcd to a ns relation between the 
groups involved, the phenyl group ut carbon 1 and the primary hy- 
droxyl group at carbon ti. 

D. The Representation of the Ring Structures of the Sugars. In the pre- 
ceding discussion, the structure and configurations of the two isomeric* 
glucoses have lieen developed. The structure 1 and configuration may be 
represented by the cyclic iorm of the Fischer formula us in T for a-glueose 
and as in II for methyl a-glucoside. 


urou 

i 

nrorn, j 

HCOII 

j 

1 i 

Ht'OIT 

1 , 

neon 1 

neon 

i 0 

UCKMI 1 

i 

1 o 

norn 

i 

1 6 
norn 

nr oh 

i 

1 * 

HC'OJl i 

1 i 

1 

neon 

i 

i i 

nr - « 

i 

1 

lie — 1 

1 

i 

eibon — cii 

l 

1 

HiCOH 

1 

HaCOIT 

(0 

(ID 

(hi) 


11 K li. Juc*kHim uml H 1 1 ml. yon, J Am Chnn tSvr , 59 , 994 (1937) 

=* E. M Moulgomcr) , N K Uichtmycr ami C 8 Hudson, J, Am, Chem, Sac , 
H6, 3 (1943) 
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However, tho cyclic, H wher-T ollcus formula butt nevcral shortcomings. 
Thun, tbe molecule is represented os an extended chain of carbon atoms 
connected by an oxygen bridge Ijctweeu positions J and 5. Obviously an 
extended linear chain is impossible, for carbon Atoms 1 and 5 must be rim* 
enough for the existence of the oxygen bridge 1 . The configuration of carbon 
atom 5 as given by the cyclic Fischer formula also does not give a correct 
picture of the stern* relations between the terminal primary hydroxyl group 
and the hydroxyl groups attached to the ring curiam atoms. A formula of 
the type* of III would give a more correct representation of (he oontigurution 
of carbon atom 5; thus, the primary hydroxy] group is shown to have a 
trarm relationship to the hydroxyl groups at carbon atoms 1, 2 and I. 

In order 1o provide* a better picture of the structure and configuration 
of the glucose molecule, Haw nrth has proposed a perspective representation. 
That for a-glucose is shown in formula IV. 


? H r 

H C C 

M i>\ 
K?" V/° 

HO f 

H CHjOH 
IS) 



o 


Tin* Haworth formula in to Ik* considered an u conventionalized perspective 
drawing of a three-dimensional model. The basic pyrunnsc ring is repre- 
sented in V and VI as a ring in which all of the atoms Ho in a single plane. 
Thcfunnulus IV, Vanii VI are to lx* eonsidered as projections of a hexagonal 
heleroeyclie ring. Tho hexagon is hold so that the observer looks from above ; 
its nearest edge* appears as Ihe bottom lines in the above formulas. The 
edge closest to the observer appears as heavy black lines in V and AT. 
In formula V, the valences projecting above the plane are equivalent to u 
position to the right in the Fischer formula. 

In the present volume, a modified form of the Iiinvorth formula will lx* 
used in oilier that an easier transposition from the Fischer to the ITa worth 
formulas will be possible. The transposition from the Fischer to the Ha- 
worth type of formula is illustrated lielnw in formulas VII, VIII and IX. 
The Haworth formula IX is formed from AT II by ring closure Iwtween 
carbon atoms 1 and 5. Formula IX may he further simplified as in X 
and XI by representing the pyranose ring as a hexagon with an oxygen 
atom at one comer. The side of the ring closest to the observer can be 
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indicated by heavy lines as in X although this shading frequently ia omitted 
ns in XI. 



id mi 

The configurations of the asymmetric carbon atoms in the Haworth 
formula of the type of IX, X and XI may lx* related easily to those in 
the corresponding Fischei formula VII. Thus, it eon be seen tlint the* 
hydrogen atoms and hydroxyl groups on carbon uloms 2, 3 and -1 are repre- 
sented in the same lash ion in both typos ol formulas. The contiguriitiou ril 
carbon atom 1, although not represented in the aldehyde structure, is writ- 
ten in the same manner in the ring form of the Fischer formula ami iu the 
particular form of the Haworth formula used here. As shown in Vfll, the 
primary nlroholic group projects above when the hydroxyl group of carbon 5 
lies to the viftht ill the Fischer formula In the n-series of the aldo/wro- 
pytanoses, the terminal primary hydroxyl group projects above the plane 
of the ring atoms; in the n-series, it lies lielou. When the ring is viewed 
from the opposite side of the model, os in IV, the configuration ot each ot 
flic carbon atoms is represented in the opposite manner from that in IX, 
X and XI. 

Frequently it may lie desirable to orient the ring In positions other than 
that shown in IX, X and XI. This may lx- particularly important when 
bulky groU(>s are present or when linkages lietween two or molt 1 rings an* 
to he represented as tor the oligo- and poly-saccharides. (Two of the possi- 
bilities ait* gi\cn lutei for each ot the pentoses uml hoxoses, six 1 p. 57.1 
Since the Haworth lormulas are not projections ol Ihe Fischer type, they 
cannot be rotated in the plane of thr paper, lteorientations must take 
place in space. 

When the "tail" group attached to the ring contains an asymmetric 
carbon atom as in (he hoptopyranoses or the hexofuranoses and the eor- 
responding glycosides, a convention is necessary to represent Ihe configura- 
tion of this asymmetric atom. To do this, the Fischer convention may lx* 
applied for the “tail” group. Thus, glueofuranose would be: 
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H 1 COH HOCH 

IB) (3H) 


Tht* Ilawortli type of I'ormula represents a considerable improvement 
over the older cyclic forms of the Fincher formula. Thus, for such formulas 
it is much clearer that siilistanccs might react simultaneously with groups 
at carbon atoms 4 and ti or at 1 and 0 to form bridges between these posi- 
tions. The Haworth formulas, however, are in turn only approximations o( 
the molecular structures. The placement of all atoms in a single plane un- 
doubtedly is an over-simplification. fn a single coplannr ring, the valence 
angles necessarily would lx> appreciably greater than those in a “si rainless” 
structure having valence angles of 109°. 

As pointed out by Haworth, 2 * a number ot Htcreoisomerie structures are 
possible for the pyranose ring of each sugar, and at least ten types are 
capable of existence. 34 Several ol the possible structures are illustrated in 
Fig. 1. As shown in T and II, four of the atoms of the ring may lie in one 
plane, and the otlipr two atoms may lie on the same side of the plane as 
in Tr. The structure represented in II is the ci* or boat type; that in l is 
the trim* or chair type of structure. The ‘‘strained” coplannr type of struc- 
ture is represented in V. The structures represented in III and I Vhave five 
ring-atoms in one plane and the sixth atom projects below the plane of the 
other atoms. According to the X-ray studies hy Cox and associates, 21 
structures IV and V may represent best those ot the crystalline sugars. 
It would lie expected that in .solutions the energy difference lietwecn the 
various isomers would be so small that all forms would exist in the equilib- 
rium solution. 

Rings containing seven or mure atoms are inescapably puckered and can- 
not lie represented pro|>erly in the planar Haworth formulas. In drawing 
multi-ring compounds, such as 1 ,(>-dil)raBoyl-2,o-nu'tliylcnc-3 , t-lienzyli- 
deue-D-nianuitol, the best solution probably is to select the most rigid ring 
ns the principal ring for projection and to adjust the more flexible large ring 
to the smaller ring. The mannitol derivative is shown lielow in the Fisrher- 
Tollens projection (XIV), in a planar llaworlh-typc formula (XV) and 

n W N Haworth "The ('oustilution of Sugars, ’’ l> INI, Edward Arnold AC**, 
hondoii (IU20) 

"0 I. NjxmihIi’i huiI W fl llore, Ann Hrv Hioehtm , 6, M> 'HIM 

■ E ti Cox, T II (inmlwin and A. I. Wagstaff, J Chrm Hoc (1035, (I7h, 11116 




IV) 

Kit*. 1. St rainless ri tig si ereoisomerH of tin* pyrniiosp ring if li> IV). 

r nii- licuvii'Hi rirrli" imlirutes I In- oxygen atom, 
(llcpriiileil from: ./ Rimnrch .\utl Rut StandarHn, 18 m 522. (1SW7)). 


ns :i perspective sketrh (XVI ). A study of models is essential fur arriving 
«t thr Iiest method for tin* presentation of multi-ringed compounds. 
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Note dial the Fischer convention does not apply to XV and XVI which 
are spuce models. Since then 1 is uo convention established for representing 
the configuration of atoms in the secondary ring of XV, the representation 
must be considered as arbitrary. 

E. Nomenclature of Anomers (a-jtf Nomenclature). Tin* system ot 
nomenclature for the anomeric (a, 0) isomers of the sugars most eommonly 
employed is that of ('. S. Hudson.** According to this system, for sugars 
of the n-series the more dextrorotatory isomer of each u-0 pair is known us 
the alpha isomer; the lesser dextrorotatory isomer is the ticta isomer. For 
sugars of the ij-serics, the converse is true. A correct application of the 
system requires knowledge that tlir compounds lieiug considered are truly 
anomeric, i’.r., that they dilTer only in the configuration oi the hemiucetal 
carbon atoms. If the compounds being considm-d mill arolulo and are of 
the o-series, usually llie a-isomer is the form which inularotatcs to a value 
less positive than the initial value. Particularly in the case of compounds 
which exhibit complex niul arntnt inns, the muturotutinu data musl lie 
intcrpivtod with caution, for it cun lie used for the naming of the sugars 
only when it represents an u- to 0-intomin version. 

The structural .significance of the rides has been explained by Hudson* 7 
who writes the skeleton storoostiuetures for the methyl <»- and ff-pyrnno- 
sides us follows : 

O. O' 

* 11 'Alrthvl glyrnwdeK ^ 11 r Ali't li\ J 

$ i. i « i 

i Martial rotation of (\ i hiltjliu in sign 1 I Pari w I mtnlinii <>f (\ i< hru m sign > 

Tlit* ski k loton Ifirnmluh lor llio imomrrii* InranoH* forms iiw: 



* P ^ Mothvl gl\ roVnli'h ** 'MHlivI gl\ r os id vs 

f) \j n I i 

(('i is dexlionitiitorv; (f'i ln Ipvorntalory) 

»ft. V S. Tludnon, J .1m Chrm Sor , 81, tffl il«W). 

I) For further diwuHHion and oilier synliMiiH hop. H S, IrIh‘11, J Hmtarch Natl. 
Hur. Nlamltirrfo, IS. .jtltf (H)37), 

r N. A KffmiMMi, Kt/I. Noisier Vitlvntthuh. SrMnb* Fork., no 2 (l!)U7); l* N. 
Riiberaud N r . A. ftyrenaeu, ibid., no 1 iliWSl.ThMerm ‘Whium-s” originated 
with tlir latter workers 

» 0. H. HudH.ui, J. I w . Chrm. Hot (10, 1537 (l')38j. The Ilnworth typr formulas 
which an* given liuve been turned over ISO 1 in apniT to bo in eonlonnity with the 
formulas as writ ton in the preKent work. See previous iliseuHHion 
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* or the pyranoeidcp of the u aldolmuHon und higher-carbon sugar* of the d - series, 
carbon atom G in written up projecting above the pyranoRe ring when written as 
above; for the corresponding derivatives of the l Bories, carbon atom 6 lies below the 
pyianose ring (see discussion earlier in (his chaplor). The same rule applies to the 
uldohiranosidrs except that it is earbon atom 5 which lies above the ring in the d 
aencn and hcloa the plane in the i. aerien; alfln, the rule may he applied In the aldo 
licntofunmiHc* 

It should la 1 noted that a u and ft h UImj ft n and a l j refer to the Borne absolute 
conhgurat nm of the uinimcrn rarboti atom Thus, ft l arabinose and a-n- galactose 
have the aarne absolute conligiiraiiou at carbon atom 1 and at Lhe other psymmetrir 
atoms and lienee exhibit many similarities 

.Ynomeric modifications ol open-chain derivatives of augars have been 
prepared, Thus, two 1 -ehlon >-o We/t i/r/o-D-galactose hexoaeetates (XVII and 
XVIII) are known.** 

H 

I 

CICOAe 

I 

llCOAr 
ArUGU 

i 

AeOCH 

I 

HCOAu 

I 

CIljOAr 

(XVII) 


H 

I 

AcOCCl 

I 

HCOAr 

I 

Ac U Gil 
I 

AcOCll 

I 

HCOAc 

I 

CIljOAe 

(XVI11) 


They modifications, in nuulogy to lhe cyclic lot-ma, have been named u 
und 0 according to whether they iiiuturotate downwards (a) or upwards 
(ft > in acetyl chloride solution containing zinc chloride 

4. Homomorphous Sugars 

A. Homomorphology. Karlier in this chuptcr. the genetic relationship of 
the various sugais to n- aud L-glyrcraldchyde wns demonstrated. A rela- 
tion of considerably more importance for the correlation of the properties 
and reactions is ba*ed on the similarity of substance* which liave the same 
configurations for the atoms which compose the pyranose rings. Since for 

* M. Ij. Wolfrora and R. L. Brown, J, Am. Ch mi So r., 03, 1246 (1041). 

" For a further discussion of the namiug of (his type of compound boo: M. I, 
Wolfroiu, M Kimiicslx’rg and F. B. Moody, J Am Chem So e , 02, 2843 (1040); R. J 
Dinder and K F. Link, ibid., Ot, 1218 (1040). 
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the aklohexoses the number uf asymmetric carbons is just sufficient to 
make each carbon atom in the pyranoee ring asymmetric, the aldohexoees 
may be considered as the basic types for all sugars which cad form pyranoec 
rings. The pentoses and higher BUgara can be obtained from the hexoses by 
substitution of the — CIIjOIl groups of the hexoses by H or by (C1I01I),- - 
CII,OII, respectively. The various hexosc type's are illustrated in the ac- 
companying formulas which also show some of the memlHTH of cat'll series. 
Although 32 hexopyranoscs theoretically are possible, only the formulas for 
the eight D-types are written tuid the a, ft configuration is not indicated. 
Because of the lack of asymmetry of carbon atom 5 of the aldopcntoscs, 
each of these sugars is related to a pair of liexoses. On the other hand, the 
basic types of the furanoses are the pentoses. 


JJoniomorptufiih SrHen nf Pyranows mid FurmiuHi'h 
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show marked chemical and physical similarities’*, and il is often possible 
to predict the properties of unknown members from those of the basic typo. 
The greatest differences, as might be anticipated, are found between the 
pentoses and the corresponding hexosrs. 

Extensive correlations of properties of the members of each liexosc series 
have not lieen earned out, but the value of the concept may be illustrated 
by the following instances. Thus, the members of the mannose series an* 
noted for tlic ease with which orthoesters are formed when ocvlglycosyl 
halides react with alcohols in the presence of silver carbonate (page 19‘f). 

I | 

ih ' in | eiMU’ii 

ilt’OAi cmoif— * iicoac 

worn o Aroni o 
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TVlriiiicetylglurii'.yl Methyl 0 ulumBide 

bromide tetraacetate 
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1 ! 

| 
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ova I 

worn o 
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ArOCII O 


Teiraarriylniaminsyl Triaretvlumnnose 

hfomiili met li> 1 1 ,2 oil lustre t ah 

The jd-glnmside and its homomorphs am obtained in this mumur from the 
members of flu* glucose series, bill flu 1 0-mnnnoside and ifs homomorphs 
ait 1 obfuiiu*d only by oilier means. The memlters of the galactoso series 
exhibit mutarotations which are complex in eharueter and which may pass 
through a maximum or minimum; in contrast, the nmturotutions of the 
members of the glueo.se writ** iullnw the first-order equation.* 1 Meml>ers of 
the giihe** and mannose series form crystalline calcium chloride addition 
products more readily than those of the glucose 1 series. In fact, the only 
known crystalline form of gulosr is its calcium chloride compound. Al- 
though additional experimental work is necessary to confirm the < onelusion, 
it appears that enzymes which hydrolyze the hexoside memliers of each 

M l« M. Haim, A T Merrill Hint V H Hudson ,/ Am Ch*m.8or. t S?, 2100 (1‘tt.ij, 
It M Ilann and C. S. Hudson, ibid , 6U, 548 (10S7); H K Jsbell, J. Rwairh Wall 
Hit / Nfnntlanhti 18, 5(15 (J1J27); If. H. Isbell ami W. W. Piginan, ibid,, 18, 111 fHJ37) 
Many earlier workers lrnd also noticed the resemblances m (lie Rt nurtures for the 
moinlwrh of the various scries 

ai Il K Isbell, J Rt'setwh \nti Bui Standard*, 18, 515 (1037) . iO, 1)7 ( 1938; 
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serins also hydrolyze the glycoside* of the other members o I each senes." 
Thus, the enzyme a-nrnnosidfuse of almond emulsin probably hydrolyzes 

the a-lyxoddes as nvl! us the at-mannosides. 

The optical rotations of the members of each series and of their deriva- 
tives often exhibit marked similarities. The rotations of derivatives of o- 
mannoHc and L-gala-D-ma/ino-hcptoso are compared in Table II. (The 
rotations actually recorded in the literature are those for the euanlio- 
laorplioiiH form of the heptose; the sign of rotation has been changed in the 
following list.) Ruber and Sprcnsen have Bhown that the rates of rauta- 

Tmh,i: II 

( 'i tin fiiii isun oj thd lioUUioiih oj 7 ipi# Uvmomtn phnwt Suym s uiut Thar Derivative*** 
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"i 

! d Mannuse dt ri\ atives 

1 

1 l Gala-u MdJMo-heptosc 
derivative 

Tree sugar (initial 

‘1 

+34 

f20 

Five Bugur filial j 
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Melhyl glyromde arc late 
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benzyl mcirnptal 

3 li.'» 

30 3 


rotation are cluu adored h* (<»i each hnmomoiphuU' series * 1 Thus Ihe 
meml>ei> oi I lie* glucose series mularolute nioir slowly limn Ihe eoi re- 
scinding memliers ui the galactose and mannose aeries. 

Hie ketoses also may lie considered to licloug to the ah lost 1 homomorph- 
ous series as is shown by a comparison ol the formulas for D-arubino- 
furanosc and n-fructofuranow' 



p a VralmitifiiniiiotM* P i» Inirtofuiannhc 

These iwo sugars would lie cvpeded to exhibit many similar properties 
and reactions. However, considerable differences might arise from the 
replacemenl nt tlie hydrogen atom of the aldose by Hie OHjOJI group of 
the ketose. 

B. Nomenclature of the Higher Sugars. The customary method of 
naming sugars which have curhon chains longer than those in the hexoses 

W. W. Pigtnun, J h'tsttnrh Ntifl. Bur JRUinHtirdx, 26, 1(17 (1941) 

"KM llano, A. T Morrill anil O. H. Hudson. J Ant Chcm Soc., 57 , 2100 ( 1935 ) 
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has been to relate the higher sugars to the hexose from which they might 
be derived and to add an ending denoting the number of carbon atoms in 
the molecule. Thus, there are glucohcptoses, mannooctoRes, glucononoses, 
etc. The two stereoisomcric D-gluooheptoses have l>ecn distinguished by th< 
prefixes a- and /?-. The D-a-gluroheptose was the sugar obtained by Emil 
Fischer by the application of the cyanohydrin synthesis tu glucose. Its 
2-epimer is D-0-glucoheptose. In the early work, the configuration of the 
asymmetric carbon atom at the second carbon atom was unknown, and the 
a- and fi- were applied according to the order of isolation. The a- designation 
was given to the first known isomer. A configurations! basis for the appli- 
cation of a- and has been suggested by Isbell . Sta 

Hudson 111 * has suggested that a prefix denoting the configuration of the 
first four asymmetric centers be introduced into the n:une instead of using 
the Greek letters. This portion of the name is placed in italic to show that 
it relates only to configuration. This system has the advantage that it 
retains the elements of the older name and yet indicates in the italicized 
portion the homomorphous series to which the suliMnuces lielong. The 
position of the configurational portion is different from Ihnt in names such 
as Tj/lo-trimcthoxygluturic acid. The application of the system to the two 
glucoheptnseR is shown in the accompanying formulas 
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Jl should lie iiiitrd that if tlieie is any smbiguiH • the entiie rnniigurat iijii rnn he 
described (as in i> g\wa-n-glynro n v»fa-hrp1 use or n gli/eero n pi/fo-heptosc) liy the 
introduction of a term such as t> glgmu or i> Ihieo to imlieatp the configuration oi 
the asymmetrir center or centers uni covered by the ii-heara-term.*" Ordinarily, it 

•MI. 8. Isbell, J. Research Nall. Bur. Mandaids, lh, 520 (footnote) (1937). 

■* C 8. Hudson, J. 1 m Chun Roc, 80, 1537 (103h); Advances in CarbohgdraU 
Chem , 1 , 28 (1015). 

*■ For examples of the i umplele ilehnition of a sequence ol asymmetric carbon 
atoms see: 
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would not bo nccesbary to bo completely specific since the unitalicized hexo form do 
fines the compound. 

The heptuloscs and higher ketoses cun lie namcd Md by lining us the 
italicized portion the name of the corresponding ketose. Thus, n-gala- 
heptuloso could lie termed D-galu-L-/r urfo-hept ose us shown in the formula. 
For the heptuloscs, this is nut necessary for the ordinary name is com- 
pletely definitive. 

11 011 011 11 

i ; ! i 

aioiK.c r — c- — r- - r- - c 1 - - ni.(om 
i : 1 ! ii 

011 II II OH 0 
i -frurlo 

The a t i tf nomenclature of the heptanes usually has l>cen based on the 
unitalieized portion oi the name. However, it seems I letter in most instances 
to base it on the italicized portions Idealise the hoxoses and heptoses of the 
same homomorphuus series an* given the same name for ihe same eon 
figuration of the unnmerie earbon atom, «r-i> nr-t iuhdicpl use a 


II 011 H M 11 

I I i ’ 1 i 

fiioiii.c 1 c*-“ c r — c c 1 - - - c 1 * 

: I ■ 1 

on ii ii nu nil on 

could lie a-o-gala-iwrtfl/i//i»-hcptose, or iH^nlu-^-iwwi/imj-hcptose. 

5. The Sugars in Solution 

A. In the Absence of Strong Acids or Alkalies; Mutarotation. Although 
lairly stable when in the crystalline condition, the sugars undergo many 
transformations when dissolved in water, particularly in the presence or 
acids or alkalies. Initially, these* changes usually involve the earbon atom 
carrying the aldehyde or ketone groups. Hence, when these groups an* 
blocked as in the non-reducing compound sugars (r.j/., sucrose) or glyco- 
sides, the compounds are more stable and do not undergo isomerizatious 
until the blocking groups an* removed. 

K. V. Degering, 0 nth tit of thr Vhetmxlrif of the ('mhnhiitltaU p 1201 urul 2fi5; 

John H. .Swift Co , Cincinnati, Ohio (1013). 

11. »S Isbell, J. Research Mail. Hut . Mandatt/n, 34, 111 (1045), tool mile 3 \J«u mile 
iMimmenlH by C. 8. Iludsun m fuutnolcs in reference 33b. 

Wolfrom.R L. UrownandK F. Evans ,. T Am (them Sov.,ti5, 1021 (1043) 
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InrmonverHions totween a,fi isomers mid between ring isomers take 
place under the mildest possible condition of aridity and temperature. 
Such changes arc manifested by the change of optical rotation with time 
which may l>e observed for freshly prepared sugar solutions. The change 
of optical rotation with time is known as mutarotation. Mutarotations may 
arise from changes other than interconversions between a,0 and ring 
isomers, but for neutral or slightly acid or slightly alkaline solutions of the 
sugars, they usually arise from such changes. The phenomenon was observed 
first by Dubmnfaut (18Jli) who noted that the optical rotation of freshly 
dissoh ed glucose change with time and that after a number of hours, the 
rotation 1 Jeromes constant. The ordinary form of glucose fa-glucose) 
mularotates downward, and the 0-isumer mutarotates upwards; in both 
cases the same equilibrium value is reached. 

a-Glurose «=~* equilibrium 0-Glucuee 
4112 ° 4 52 7 ° 4 4 18 7 ° 

As mentioned earlier in this chapter, the mutarotation ol glucose and other 
sugars showed that the original aldehyde structure for glucose was not 
adequate for explaining the properties of the sugar. The separation of sev- 
eral isomers of lactoM* (Erdmann -1880) and of glucose (Tanret--189fi) 
which mutarotated to the same equilibrium value provided good evidence 
I hat the observed mutarotations result from an interconversion of the 
\ arious modifications. 

The mutarotation ol a-glucnsc may be represented by the equation for a 
first-order reversible reaction. 

A, 

ct ^ jS (I) 

*1 

- Ar.lol - h [(Jl (ID 

Equation (II) gives I he rate nt change of the a- into the 0-form at the 
time l. The reaction constant for a — > 0 is k h and for 0 -> a is k 2 . The con- 
centrations of the alpha and beta form at the time / are represented by 
l«| and [0|. 

As shown by Hudson, the equation (11) may he integrated and expressed 
in terms of the optical rotations in the form of equation (III). 

<, + A, - |-Iok (HD 

t r t - r. 


In equation (III), n =- the rotation it l t ■* 0, =* tin 1 final equilibrium rotation, 

and r t = the rotation at Ihr time /. The rotations inny be expressed an observed or 
sj>crifir rotations The Hpeeifie rotations are ealculiitcd from the observed rotations 
(a) bv tlie relation 
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a * observed rotation, 

2 ■ length nf column of solution (expressed in decimeters). 

r « concentration ef active subBtanco as g./lOO ml. of solution 
In ease the rotations are read on a sacch&rimetcr, Hie values observed (VO are mult i 
plied by the factor 0.3462 to give a 

The rotation varies with the wavclengl h of the light sourr r, and usually the sodium 
7) line is employed. Most rotations are lueahured at 20 ’( The solvents most com 
monly emploved are water and chloroform 

The mutarotation coefficient, A, + A., .should he the name for the a- 
and jS-isomors of each sugar. Hudson 1,1 demonstrated that the ulpha and 
beta isomers of lactose and ot some other sugars give identical values for 
A'i + fa and that the mutarotalions follow the first-order equation. Table 
III lists the mutai'otntion eoefteienls for several sugars. 11 


Tahm. LIJ 

Mutaiolation Coejjieifnt', and A dilation Enttqm . Jar .Sonic Sugar, 


Sugar 

l 

ki 4* kt 
) 

0 

f eat) 

CrmiptniUou ot huuilibnum 
Solution (Vi) 

K* 1 Irom oxidation 

Fran rototioi,.. , studies 

a-D-GlutlObC 

0 IJOtKtt 

17,200 

)*- 

.46 2 

M * 

ti ii-G1ucom? 

00625 

17,1*00 

P 

63 *i 

62 fi 

a u Mannose 

0173 

10,700 


68 8 

68 0 

d fi-Mannose 

01 7s 

17,100 

IP 

SI 2 

31 1 

n-n Xylose 

0203 

16, TOO 




nr i) Lyxosc 

0508 

J5.H00 

J® 

76 0 

70 7 

0 n [i>\ose 

0501 

15,700 

IP 

24 0 

20 3 

nr Lactose TIjO 

00*71 

17.300 

a 

.10 s 

37 5 

tf Lnrtosc 

mm 

17, GOO 

P 

bit 2 

62 5 

i Malt oho Hj() 

00527 

17.500 
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The mutarotalions of the sugars listed in Table ill and those tor manv 
other sugars follow the first-order equation. The activation energy averages 
about 17,000 eul./mnle; this value corresponds to an increase in rate ot 
2.5 times tor a 10 ’ rise in temperature. The conformity of the inutarotations 
data to the first -order equation makes it probablo that the main constit- 
uents of the equilibrium solution am the a- and jfl-pyrauose modifications. 
The actual composition may be calculated from the optical rotations of the 
equilibrium solution when the rotations of the pure a- and /9-isomers an* 
known. Data of this type are included in Table 111. Independent confirma- 
tion of the composition of the equilibrium solutions is provided by studies 

M C. 8. Hudmiii, X /ihysik Chtm , 44, 1N7 (1903^ 

■H.fl 1 Mix'll and W W I'igman, J Kenrarrh Natl Bur. Standard*, IS, 141 (1U87j. 
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of the rates of bromine oxidation of the sugars, the results of which arc 
also found in Table III. 

A number of important sugars exhibit mutarotations which do not follow 
the first-order equation . (See Figures 2 and 3.) A striking case* 1 is presented 
by the pentose riboae; the specific rotation of freshly dissolved L-riboee 



Fra. 2. Mularututinn of a o-talosn in water at 0°C. 
(Kcprinlrd from J. Researrh Natl. Bur. Standard*, 18 , 164 (1937)) 



TIME- (MINUTES) 

Fio. 3. Mutnroliitinu nf L-rilinw in water ill U'C 
(Reprint oil from ./. Renarrh Nall Bur. SlamlanU, 18. 164 (1937)) 


decreuscti Iroin an initial vitluo of 4-23.4 to u minimum of + J8 2 and then 
rises to a constant value of +23.2. Home other sugars such as a- and /i- 
galaetose, a- and 0-tulnse and a- and 0-arahinose exhibit similar but less 
striking deviations from the first -order equation. In Fig. 4, log (r, — r„) vs 
time is plotted for a-D-glucose and a-D-talosr*. Although the curve for a-D- 
glucose is linear and follows the first-order equation, that for o-o-taloec 
deviates greatly from a straight lino during the initial period. This deviation 
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is an indication of the lack of the conformity oi the 1 alone muturotution 
with the finit-order equation. 

In general, the mu tarot ationn which raimot lx* expressed by the firnt- 
order equation conform to equations derived on the assumption of three 
components in the equilibrium mixture. The equilibrium involved nuiy lx*: 

(t) 

Equations'* ** ' 7 fitting this condition wen* derived by Kiibei and Minsaus 
and by Smith and Lowry. Tlu* Smith and Lowry ty|x* of equation is repre- 
sented by equation VI. 

| or | «.IX 10 V f li X 111 -| V (\1J 



In this equation, (' is the equilibrium rotation, .1 is the total change in 
optical rotation due to the slowly mu I a rotating component, nud H is 
(r„ — r m ) — J . Methods for applying these equations are described else- 
where.' 6 The constants nh and mi arc functions ot the velocity constants 
for the various ivnctions represented in equation V 
Chungos in other properties such as the solution volume, the refractive 
index and the heat content have lieen shown by Riilier and bis associates' 6 
to paralk'l the changes in rotations. 

Mutarntations which cannot lx* expressed by the first -order equation but 

- (' N Huber and J. Miniums, liei , 69, 220ft (192ft) 

"0 H. Smith and T M IjO vrry.J Chew Sue , 0B6 (I'I2SI 
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which arc expressed by equation VI must represent the establiHlunent of 
equilibria in which throe or more components are present in appreciable 
quantities. Hence, equilibrated solutions of sugars such os galactose, 
arabinose, tnlose and, particularly, ribose must have appreciable quantities 
of isomers other than the pyrnnose modifications. The ease of conversion of 
galadopyranose to furunose and free-aldehyde modifications is shown by 
the formation of appreciable quantities of such isomers in the products of 
the acetylation (see p. 152). 

The mutarotation reactions which follow equation VI inay be considered 
to consist of two simultaneous or consecutive reactions oue of which is slow 
and the other of which is rapid. The values of rrh (which represents the 
reaction constant for the slowest reaction) are about the same as those 
for 1 1 + h for glucose, and the activation energies also have closely the 
same value as for glucose. 1 ’ It is probable then that the slower reactions 
are ct,p conversions between pyrnnose isomers. The reactions represented 
by mi are 5 to 10 times more rapid, and the activation energy is much 
smaller (about J .‘1,200 cal./ mole as compared with 16,000 for the normal 
mill arotat ions). For the rapid mutarotalion reactions uf galactose, talose 
and ribose, the magnitude of the reaction conslant. the small activation 
energy and the influence of pH on the rate of mutarotation are similar to 
Ihosc for the mutarotation of the furanose modification of fnictose. Since 
the mutarotation of fructose* probably represents mainly a pyranose- 
furanosc change,* 1 the fast niutarotutions ot the other sugars also may 
represent pynuiosc-furanose interconversions. 

It is usually considered that the interconversion of the alpha and beta 
isomers and of pyranose and funuiosc forms lake's place through the inter- 
mediate formation of the altbhydo or ktlo forms of thp sugars. 

n-( ! lumpy runiMi' < — i — t /J-Glumpyrannsi* 

(flyrnnir aldehyde 
(or hydrated fornrt 

t 1 

a (xlucofuranotje 4— 1 — ♦ (ilurofuranoM 1 

Then* is no direct proof for tin* existence of the open-chain forms. How- 
ever, small quantities of the acetylated opcn-chnin forms arc obtained along 
with the ring forms when some sugars are acetylated (see under Acetyl 
sugars) . Sugar solutions contain isomers which are reducible at the dropping 
mercury electrode of the polarograph." 'Hie amounts of the reducible form 
present in 0.25 M solutions of several aldoses at pH 7.0 and 25°(\ are 

n II. S. Isbell and W. W. Pigman. J Research Natl. Bur Standards. HO, 773 11038) 

* N, M. Cantor and (J. 1*. |*pni | dun, J . .Iw. Chrm Sac., 61, 2113 (1940) 
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shown in Table IV. As may be seen trom the table, the amount ol the 
reducible form in glucose solution is very small (0.024 mole per cent). 
Solutions of other sugars, particularly ribose, contain fairly large amounts 
The quantity of reducible material increases rapidly as the pH becomes 
great et . The data obtained by Cantor and lVnislon an* said to ugiee with 
those ropoiled by Lippich* lot the amount of inuteiml in solution which 
reacts “instantaneously” with hydrocyanic acid. The nation of the re- 
ducible lonn has not been established lmt most probably it is the aldehyde 
form in a fine or in a hydrated condition. For the sugars listed in Table IV, 
a correlation exist*, between the mutarotatinn velocity and the quantity oi 
the reducible modification in the solution. For this reason, this modification 
may be the intermediate of the mutarotation reaction. It is .also of interest 

Table I\ 

Quantity nj Reducible Form Present in Holutiune <>J Hemal Sugare 

Sugar Reducible Forma (mole prr cent of total augarj 


(ilurohe 

0 024 

Mannose 

0.064 

( ifllactOMf 

0.0S2 

Mloae 

(1 381 

Xylose 

0.17 

Arabinosp 

0 28 

Lyxose 

0 40 

Htbofce 

8 5 (0.1 if 


that the sugars with the largest quantities of material which are reduced 
by the dropping mercury electrode are those that exhibit complex mutant- 
tations. 

The mutarotation reactions ait* catalysed by both hydrogen and hydroxyl 
ions. The rate of mutarotation of glucose and galactose is at a minimum 
between the pH limits 3.0 to 7.0. At pH values greater than 7.0 and loss 
than 3.0, the velocity increases rapidly. The curve tor mutarotation velocity 
vs. pH is represented by an inverted catenary. 'Hip influence of hydrogen 
and hydmxyl ions on the rate was found by Hudson to be expressible by 
equations of the type : 

*, + A,-iH-flIF+] + qoir-| (i) 

where A, B and C are constants. For glucose at 20°C. the equation is": 

A. + A, - 0.0060 + 0.18 + 10,000 [OfT] (II) 


M F. Lippich, Bioekem Z., tJfZ, 280 (1082) 
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According to equation II, glucose mutarotates moot slowly at pH 4.61. 
Acids and alkalies influence the mutarotation of levuloee and some other 
sugars much more markedly than glucose altliough the minimum for 
levulose orciirs near that, for glucose. As may be seen from equations I and 
II, at pH 4.6 the portion of the catalysis which is due to the water (term A) 
is much greater than that caused by the hydrogen and hydroxyl ions. In 
turn, the hydroxyl inns an* much more elTective catalysts than the hydrogen 
ions (compare values for H and C). Since water may dissociate according to 
the equation 

HiO -»H+ + OH- 

it functions as an efficient catalyst. Lowry and Faulkner 11 provide evidence 
that mutarotations an* catalyzed only by solvents which have amphiprotic 
properties. Thus, mutarotation proceeds slowly in pure pyridine (basic 
properties) and in cresol (acid properties), but in a mixture of one part 
pyridine and two parts cresol, the reaction proceeds 20 times as rapidly as 
in aqueous solution. For aqueous methanol and ethanol solutions, the rate 
of mutarotation decreases rapidly as the alcohol concentration increases. 
Even in the anhydrous alcohols and dioxane a very Blow mutarotation 
takes place. 4 ' 

According to combustion data 41 for the crystalline sugars, the complete 
conversion oi a- to /3-glucose is accompanied by a heat absorption of 1500 
ral./mole and a free energy change of 500 cuh/mole. 

B. In the Presence of Acids. The mildest type of reaction of the sugars 
induced by acids is the interconversion between a • and (9-isomers or be- 
tween ring isomers. This type of change has l*een discussed above under 
the general subject of mutarotation. Dilute acids at room temperatures 
have little or no additional action on the sugars, but hot concentrated 
acids produce profound changes. 

The Hctiou ot acids is that of dehydration. The dehydration may take 
place by the formation of anhydro rings or of double 1 Kinds. Tho configura- 
tion of alt rose favors anhydro formation, and the 1 ,6-anhydroaltropyranoee 
is formed by a brief treatment of the sugar with boiling dilute acids (see 
under Anhydro sugars). Stronger acids produce furfural, 6-metliylfurfural, 
and 6-hydroxymothylfurfural or levulinie acid from pentoses, 6-dosoxy- 
hexoses and liexoses, respectively. The formation of these materials, in 
particular furfural from the pentoses, proceeds bo well that the reaction is 

" T. M. Lowry awl I. J. Faulkner. J Chm i Sor , 1ST, 2»B 11026); T. M. Lowry, 
X. phytik Chem., ISO, 12.’) (11*27) 

“See II. H. Rowley awl W X lIuLlmrrl, J .l*« Chrm. Soc , 04. 1010 (1942) 

«I1 M lluflnuui amt H W Vo J .Xui.Chim An , 80, 1400 IJU38) 
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used for their estimation. 44 ' 16 It has been suggested 16 that the reaetion of a 
pentose to give furfural proceeds tlirough the following stages : 


HCO 

1 


IICO HCO 

| i 

HCO 

| 

1 

HCOII 


1 1 

COH 0 

-j c 1 

1 

HCOH 

1 

Hoi 

II II 

CII -> OH 

I i 

1 II 1 

-* (’II ■ 

O | 0 

anil 

HCOH 

1 


HCOH HCOH 

1 (’ll 

1 II 

1 

HsCOH 


1 1 

1 Is COII JI.C 

II 1 

11C- 

Pentose 



Kurfural 

The corresponding derivative produced from tlie hexoscs is 5-liydm\v- 
methylfurfunil which, howpA'er, is easily transformed into levulinie arid. 17 * 


iico 

i 

IICO 

1 

COOII 

1 


1 

iicoh 

i 

1 

l" 1 

1 

CH, 
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1 

HCOH 

C’li , 

1 

CH 


1 

HCOH 

AniiM * 1 ^ 

CII 1 

II 1 

1 

c=o 
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HCOH 

l- 1 

1 

1 

CH 


1 

lli COII 

II« COII 

T 

11COOH 


Hex use 

5-Hydriixymetlivl 

Ijevuhmr 



furfural 

arid 

According to IMniiriprer and (lump, 471 * levulinie 
of the following series of reactions: 

arid is formed as a result 

OIIO 


C1IO HCOOKI 


1 


1 + 


0- - , 


CM) CHO 

COOH 

1 

nr 1 

HOH 

HCI 

1 HOH 1 

CH CII 

/inleimolprulii \ 1 

voudatiou-ipilurtiiin/ 1 

— CHi 

1 o 


1 1 

1 

1IC 

li ! 

c— — ' 
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CII. CH 

1 | 
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! 1 

CO CO 

| 1 

1 

CO 

1 

1 

CHaOll 


1 1 

CIIjOIl CH«01I 

1 

CII, 

44 W. E Stone and H. To! lens, Ann., 24&t 227 (1888;. 


41 C. A. Browne and F 

W Zrrhan, ‘'Sugar Analysis, 

” p 004; John Wile>, New 

York (1941). 




“ C . D. Hurd and L. L. 

ism hour, J Am. Chem . Soc. t 54 , 322 (1032) 


,7 * For details of thi 1 preparation of levulinir add see W W Mnver, C 8 Patent 
2,270,32s (Jon. 20, 1042). 

Yields of 54 per rpnt of rryHtalline hydroxymethyl furfural an 1 reported when a 
sue rose solution is heated at 145°C in the presenre nf oxalic arid See: W. N TIa 
worth and W 0 M Jones, / Chem Snc. t 667 (1944). 
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Evidence for this mechanism is given by the isolation under similar condi- 
tions of the acetal derivative of the intermediate 5-earbon keto aldehyde, 
and by the lf.gh yield of Icvulinic acid produced from it by the action of 
acids. Also, yields as high os 80% of Icvulinic arid have been obtained from 
5-hydroxymcthylfurfural. It is interesting that two moles of 5-hydroxy- 
methylfurfural readily etherify through the hydroxyl groups uhrn distilled 
in a partial vacuum (13 mm.). 4,0 



V 


CH HC CH 

I I | H 

C-CHf-O-CHg-C c_ 00 


\/ 


Considerable quantities of “humins” of mi unknown natuiv are funned in 
the reaction probably us a result of the condensation of the furfural de- 
rival iven. 

Acids also catalyze the condensation of two .sugar molecules to form 
disaccharides and products (oligosaccharides) of a greater degree of poly- 
merization. In the presence of alcohols, the condensation takes place with 
formation of the glycosides of the alcohols. A true equilibrium is attained 
and condensation is favored by a high concentration of the reactants. Con- 
densation appears to take place preferentially U'tw eon the primary hydroxyl 
group of one molecule and the reducing group of unother molecule. 


I i — * I 

hi, oh + Horn 1 rib- o -m 

i i i 

-C— 0 0 

I : i 

This process is known as “reversion.” From glucose, gentiobiose and 
“isomaliose” (“isogentiobiose”) lm\e lieen prepared (sec under Iso- 
mnltose). 

C. In the Presence of Alkalies. Although the sugurs exhibit moderate 
stability to acids, particularly at room temperature, they are profoundly 
affected 111 by alkalies oven under very mild conditions. Contrary to what 
might l>e expected, the sugars exhibit their maximum stability at aeid con- 
ditions rather than at pH 7. Thus, the optimal pll for the stability of i>- 

l#,> H I’unimcrcr and W (Jump, , 56, <MI9 (IU23); H. Pummeicr. O Ciuynl and 
li Birkofer, Her, 68, 4K0 (11183). 

47c J. A. Miridcndorp, He r. irav chim., 58, 1 (J9J9). 

18 For summary ace: W L Kvaos, Ckem Hem., 81, 537 (1W2); , H, 281 (1 m>. 
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fructose 40 and for D-glucose 40 " lies between pH 3 and 4. When methylglyoxal 
production is used osa measure of the stubility 9 the optimal pll is around J . u,> 

The action of alkalies follows two general courses: Isomerisations mainly 
at the reducing end of the molecule, and fragmentation into substances 
that have fewer carbon atoms than the original sugar, 
a. IsOMElilZ \TIONK 

The. simplest isomerization reaction of the reducing sugars is the Lohry 
do Bruyn uud Alhcrdavan Kken, stein transformation. 41 Thus, when ghirose 
is treated with dilute alkalies at room temperature, the optical rotation 
decreases. From the products of reaction, glucose, mailing and fructose 
ran be sepai-atcnl. Wollrom and liewis 12 found that very few side reactions 
take place if the glucose 1 is treated with lime water saturated al 35' (J. After 
about five days, the equilibrated mixture had the following composition: 

lllucose 03.5 per rent 

Knirtow* 31.0 11 11 

Maun o ae 2 5" “ 

Other subfitanceh iprnliahb 
RAccharinin acids) 3 14 

The treatment ol sugars willi alkalies lias considerable wilnr tor j ire 
paratory purposes, particularly for obtaining ketoses. Thus, lactose and 
n-gluco-TW/tdoheplose (rc-glucnheptosc) yield the rnriesponding ketoses, 
lactulose and glucoheptulnse, reflectively ihc* p -131). 

Karly workers w ere unable to notice any cation effect on 111 * 1 Lobry dc 
Bruyn and Albcnla van Kkenstein transformation except in the case of lone I 
hydroxide. 61 I^ead hydroxide produced inaiuius* 1 and apparently no f met use 
from glucose. On the other bund, fructose 1 remained essentially unchanged 
when treated with lead hydroxide. Kusin Mu found that calcium hydroxide 
Ijehuvcs differently Irom sodium hydroxide al room temperature. Mannose 
(hut not trucloM'j could lie identified ill the products obtained by treating 
glue* is* 1 with calcium hydroxide for 2*1 hours at room temperature, whereas 
fructose but practically no mannose was found in Ihc product obtained by 
the action of sodium hydroxido under similai 1 conditions. 

For Ihc interpretation of the mechanism of the Lobry de Brnyn-Allierdrt 
\ un iCkcnstcin transformation, the formation of an intermediate enediol 
usually is postulated. In the formation of the double bond, the asymmetry 

11 ,J. A Mai hews uml It. F. Juckaim, Bur. titandante J . Itmurch, 11, 01!) 1,11133). 

** W. Kroner anil VI. Knthc, hui. Eng. Chew., 81, 248 (1939) 

Mb t 1 Knders, ttwchtm. 818, 349 (1942). 

“ C. A. Jjiihry dc Hruyn and W. Albcrda van fikcnsteiu, Ret Unv. vhim 74, 203 
(1895); 16, 92 flMtfflj; 16 , 257, 262, 274, 282 (1897); 18, 147 (1899). 

18 M. L. Wid from and W. L. Lewis, J . Am. Chern. Soc., SO, 837 (1928). 

» A. Kurin, Hrr., 69, 1041 (1936). 
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of carbon atom 2 in destroyed, and the two epimeric aldoses and the corre- 
sponding ketnse will he in equilibrium. 


Ht'O 

HjCOH 
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Evidence hu the piehence of un enediol Htiuctiue in ulkidinc .solutions ol 
sugan> is prmided by Hie ability of the solutions to take up huge quantities 
of iodine, to decolorize solutions oi dirhloroinilopheno) and to lie oxidized 
with elctnugc Is-twmi euiltons i and 2ot the sugar moleetile. 

As would be e\iK*eted fimn Ihis mechanism, 2 , 3 , t , (Met rumethylglucoHc 
gives only 2,3, t (MclmmcthylmAimose when treated with alkali (xatu 
rated lime soliitimisl The same eiiuilihrium point is reached from tel ra- 
inethylmannose •’ In this instance, ketone formation is preeluded licoutise 

HCrt HCOIT UCO 

I II I 


Ht'Ot'H, on COOih OIL. (’HOl'IJ 



ul the absence ol un lunizablo hydrofoil atom oil carbon 2 ol the mol lorm 
tiudenre Ini I he I on nut ion of un internunJialr mol is piovided h\ the 
observation that on< atom of deuterium is taken up per mole ol tetro- 
uieth>lglucose when the isomerization is carried out in lieiny uatci." 1 

Kiibin 51 * explains the differences in the aetions of calcium uid sodium 
hydroxides by the postulation of a ring structure 1 in the enol formed by 
a dehydrating action ol calcium hydroxide. Such action may involve the 
intermediate formation of the calcium saccharates of the sugars Since 
glucose (H has the ring connected to carbon atom 1 and fructose (I\ ) to 
enrhon atom 2, the ennls (II and III) are not identical and should react 

uh H. Kredenliagpu and K F Bonhooffer, X. phyeik. Chem , A 181 , BUJ ll'tts 
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differently. On the other hand, the cnediol formed by sodium hydroxide does 
not have a ring structure. 


iicoii i 
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However, the observed differences may arise from the divalent nature of 
thr calcium ion which would enable it to react with contiguous acidic 
hydroxyls; in contrast, the monovalent cations could react only with a 
single hydroxyl. 

By a continuation of the cnolizatiou process, the citediol grouping may 
move along the carbon chain and additional isomerizations an* possible. 
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Kpircmizntion of the 2-kctosc or the formation of ketoses that have the 
carbonyl group at carbon 3 may take place. These reactions explain the 
formation of sorbose from galactose and of sllulnse from glucose. The un- 
fermrntable material remaining after the* action of yeasts on a mixture ob- 
tained by the treatment of fructose or glucose with dilute alkali has been 
called “glutuHC 1 ’ and a similar product from galuetoso, “galtose.” Lobry 
de Bruyii and Alberda van Kkenstcin 631 ’ considered glut use* to be a 3-keto- 
hexose formed by enolization of fructose* bid ween carbon atoms 2 and 3. 
“(ilutosp” has been characterizes! os its osazonc with a melting point of 

** ('. A. liijhry tie Bruyn and W. \Uicnla Kkriistcin, Hcc. trap, vhim., 16, 
274 (1K97); /S, 72 (1HSW). ' 
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m*V. An osazone of similar prujiertics can l>e obtained from the un- 
feriucntablc reducing fraction or cune sirups and molasses. 

Saltier and Zerhim lld identified the osazonc as a mixture of the 1 phenyl- 
osazones of glucose* and mcthylglyoxal. The unfcrmentable fraction (“gin- 
tose”) contains a mixture of l ,2-anhydrofruetopyranosc, a difructopyranose 
anhydride, mclanoidius and possibly other substances. Its reducing power 
is ascrilied to 1,2-unliydrotrurtopyranoHC which also yields glucosuzone 
under the conditions ol osazonc formation. 

The 3,1 and 1 ,5-enodiols also may 1 m> formed. The formation of such 
enediols would permit of the isomerization of glucose to all of the possible 
aldohexoses and aldokeloses. rmler mild conditions, the enolization prob- 
ably does not proceed past the 2,3-stage. Such 2,3 enolization is necessary 
to explain the isolation of allilol by Wollrom, Lew and (loepp 31 from 
glucose reduced elect rolytically at amalgamated lead cathodes, in mild 
alkaline solution. 

Mon* extensive rearrangement of the sugars in alkaline solution leads to 
the formation of a group of acids (saecharinic acids) and the corresponding 
lactones (saccharins). After IVligot (I S3!)) and other workers had isolated 
acidic materials from among the products of the action of alkalies on glucose, 
Scheibler and Kiliani** * identified one of Ihe products, saecharinic acid, 
as an isomer of n-glueosc with the empirical formula (.VILath. The sncclia- 
rinic acid loses a molecule of water to form saccharin. The formulas of these 1 
substances resulting from the researches of Scheibler ami Kiliani are 
shown l>elow. 


(OOI1 


nioii 

l <> 

1 

C’HOH 

(11011 

1 1 

1 

rii ■ 

nijOii 

1 

('ILOll 

Haecliariiiir 

arid 

Sarrharin 


The branched-ehain structuiv of saecharinic acid is demonstrated by the 
reduction of the acid by hydrogen iodide 1 (ami phosphorus) to 2-inethyl- 

IJd L. Battler and Y W. Zcrbun, Ind . Eng Chun., 37, 1133 (1045). 

14 M. L. Wolfrom, 11. W. Lew and It. M. Goepp, Jr., Am . Chem. 8or. t H8, 1143 

(104ft). 

“ 0 Noheibli'r, Her., 13, 2212 (1S80). 
w U. Kiliani, Jfcr., 15, 701, 2033 (1382) 
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pentanoic acid: 


CHi 

I 

CHi — CHi — CHi—CH— COOII 

Nitric acid oxidizes the snccharinic acid to a dibasic arid which by reduction 
with hydrogen iodide is converted to 2-raethylglul aric arid: 

(Jib 

C'H'Oll CHOH — CIIOJI — O — TOOH ™2*_* 

I 

OH 


c;h, 

I 

coon— choh— choh— o— coon 

I 

OH 


COOH— on.- Oil— (11 COOII 

The presence of the new carboxyl group in the terminal position rather 
than in the 2-positiun proves that the primary alcohol group is located id 
the terminal carbon utom and the methyl group is at enrboii atom 2. 

Ouisiuicr Juund among the products of the action of lime on maltose and 
lactose a substance with the formula CiHuOi which was lonued isosur- 
charinic acid. Kiliani prepared the same material from galactose. The* cor 
responding lactone was termed isouaceharin. As a result ot the work ot 
Kiliani,” the isosaccharinic acids may Ire formulated as: 

CH.OH 

I 

CH,OH— CHOH— CH.—COH— COOn 

Only two i) and two l stereoisomers of such a structure are possible, 
for only the penultimate (“d,l”) carbon atom and rarbnn atom 2 an* 
asymmetric. The iRomers in the n-series aiv distinguished ns a-isosaccha- 
rinic acid and d-isosaccharinic add according to the configuration of 
carbun atom 2. 

Still a third type of product was isolated by Kiliani' 1 from the products 
of the action of alkalies on galactose and lactose. This material, isomeric 
with saccharinic add, was termed metasaccharinic acid and is a 3-desoxy- 

» H. Kiliani, Bar., 18, 631, 2517 (18S5). 

H II. Kiliani and H. Naegell, Bar., 35, 3530 (1002). 
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aldohexonie arid: 

CH/JH - C’HOH— CIIOIl— CHj— CHOIT -OOOH 
Metasarfharinir acid 

The mechanism oi the formation ol the saedrarinir acids and theii 
derivatives remains unclear. Nef lias suggested that it proceeds from the 
diketone produced by removal ol a molecule of water at carbon atoms 3 
and 4 of the ketoBe. A henzihe acid rearrangement of the di ketone would 
produce the isosaccharinic acids, ft is also possible that saccharinic acid 
formation may result lrom a polymerization of the products ol fragmenta- 
tion which will be discussed below 

Isbell* has proposed that the formation of the inctusuccharinic acids (II ) 
takes place from the 1,2-enediol (I), whereas the saccliaiinie (IV) and 
ibOHocrharinie acids arise from the 2,3-euediols (III) The formation ot 
these acids may take place os represented lielow : 

Formation of Metasacchannic Acids 111) 


HCOH 

II 
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II CO 
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Internal Canni/iaiu 
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Formation of Saecharmiu Acids (IV) 


Hi COH 


CHi 


CH, 



1 


II 


1 



(’OH 


(’OH 


CO 


(’OOll 

|| 

* 

| 

► 



1 

II 

COH 

1 


I’O 

| 


CO 


aij—coii 

| 

1 

(III) 


1 


1 


1 

mi 


b. Fragmentation 

In addition to isomerisations, which proceed mainly through the enediol 
forms of the reducing sugars, cleavage of the carbon chains also occurs 
under more drastic conditions. The nature of the products has been elu- 
cidated through a long series of researches carried out by Nef.* 1 
Cleavage of the carbon chain may take place to give : (1 ) formaldehyde 

■II. S Isbell, J Jittteareh Natl. Bur. SUmdardt, M, 45 (1914) 

■> J. i; Nef, Ann , 387, 204 (1007); 970, 1 (1910), JfiS, 204 (1018). 
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and aldopentoses, (2) glycolaldehydc and aldotetroscs, or (3) dihydroxy- 
acetone and glyceraldchyde. In turn each of throe products may isomcr- 
ize through the corresponding enediols to the corresponding ketoses and 
by the Harrhnrinir acid type of rearrangement to Ihe various saccharinie 
acids. Xef described the still more complicated mixture obtained in the 
presence of oxidizing agents as a “furcht bares CJemiscli,” but it would seem 
that the term could lx- applied aptly to the mixture obtained without the 
additional complication of oxidation reactions. One of the principal prod- 
ucts which may be obtained by cleavage of the carbon chain is rfMactic 
acid. From one mole of glucose, trealed at 25°(\ with Ix-nzyl I rimet hylam- 
monium hydroxide, Evans" reports the production of 1.2 moles of lArtic 
acid MX) per cent of theory) . The lactic acid may lx- considered os the 
KHecharinir acid related to glyceraldchydc. Home other short -chain products 
that have been identified are : dihydroxybutyric acid, glyceraldchydc, di- 
hydroxyacetone, mcthylglyoxal (pyruvaldcliyde), formaldehyde, acctol, 
diacetyl, formic anil acetic acids, and redurt one (the enol of hydroxymalonic 
aldehyde). 

'Ilie cleavage of the carbon chaiu probably takes place through a reversed 
nldol enndeiisiitiou. The aldol condensation of glyreruldchyde and dihy- 
droxvacetoiie to form kelohexoses lias liecii demonstrated (sei- p. 1 13). 
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There is litfle doubt but that the cleavage of the rarhnn chain of sugars 
fakes place in this manner under nunoxidizing conditions, and glycer- 
aldehyde, dihydroxyacetone and mclhylglynxal have lieen isolated. Similar 
cleavages ulxo could take plaix- to give glycolnldehyde and aldotetroscs; 
the cleavage lx- tween carbons I and 2 would give formaldehyde and an 
aldopentose. Schmidt, 1 " h however, explains the cleavage of Ihe carbon chain 
by assuming that in the 1 ,2-encdiol the bond in the 3, 4-position is weak- 
ened by the presence of the double bond, and that it is the enediol which 
undergoes the cleavage of the 3 , f-bond. 


0 Hrhmidt, Chrm. ffrr-. . 17. 137 M'KMl 
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An is evident from the above discussion the action of alkalies on the 
sugars is a complicated and still little understood process in spile of the 
extensive and excellent work by Nef, Evans and many other workers. Very 
dilute alkalies catalyse the a, 0 and presumably the furanose-pyranose 
conversions. In greater amounts, they bring about isomerization between 
the epimeric aldoses and tho corresponding ketoses, probably through the 
formation of a 1,2-onediol. Higher concentrations of alkalies bring about 
conversion*, Iretween all of the various sugars of the same chain length, 
probably as a result of the formation of 2,3 and 3,4-enediols. Cleavage of 
the carbon chain also takes place mill formation of the 2, 3, 4 and 5-carbon 
sugars. Rearrangements occur in which succharinic acids are formed from 
the original sugars and from their isomerization and cleavage products. 
Finally, as shown by Nof, polymerization takes place with the formation 
of resins and “polysaccharides” of unknown composition. 

D. Behavior of the Sugars with Short Carbon Chains. The foregoing dis- 
cussions of the sugars in solution mainly was devoted to the licxoses. The 
aldopcntoses and the higher carbon HUgars may be expected to exhibit 
similar reactions lierause they can form pyranosc and furauose rings and 
enediolb similar to those for the hexobcs. Ah the number of carbon atoms 
decreases, pyranose and finally furanose ringH beromc impossible. Thus, the 
ketojientoses and the aldotetroses can form only furanose rings; (he triasoH 
and glyculaldehydc cannot form even a furunoso ring. Ring formation ap- 
pears to take place when possible os is demonstrated by tho mutarotation u 
of crystalline D-threosc (fa] D +29.1 +19.6) and by the normal molecular 

weight of erythrose in solution. 11 The lower sugars with two and three 
carbon atoms form dimers easily; for some of the substances both the 
monomeric and the dimeric forms have been isolated.*’ The dimers of 
glycolaldohydc and of glyceraldchyde have been formulated 14 as the prod- 
ucts of an extramolcrular acetal formation analogous to the formation of 
pyronobe and furanose rings by the higher sugars : 

II. r— CHO HjC— CH(OH) 

I _ II 

OH OH - 0 0 

I I I 

OHO— (’Hi (HO)H(’— CTi 

11 W. Freudrnbcrg, Ber., 05, 168 (J932). 

■ V. Deulofeu, J. Chrm Sue 2973 (1932). 

w For example, see results for ilibydroxyacrtono os reported by: H. 0. L. Fischer 
and H. Mildbrand, Her , 57, 707 (l')24). 

“ M. Bcrgnninii and A. Miekelry, Ber 02, 2207 (1920); 64, 802 (1931); K. K. Sum- 
merbell iuirl L. K. KocIipd, J Am Chem. Sue., OS, 3241 (1941); K Baer and H. 0. L 
Fischer, J. Biol. Chem., 150 , 213 (1043); A. WohJ and C. Nruberg, Bt / ., SS, 3005 (1900). 
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In conformity with the ronvorhion of glucose to mannose and fructose, 
glyremldehyde it- converted partially to dihydroxynrotonc in the presence 
of pyridine or dilute alkalicn. M 


CHO 

1 


CIIiOIl 

i 

choii 

°H“_ 

1 

CO 
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* — — 

1 

CH.OH 


CHiOll 


At 2f>°( \ to 50 °C., potassium hydroxide (0.2 to 0 N) converts glycer- 
uldeliyde to formic, acetic and lactic acids. M 

6. Optical Superposition, the Isorotation Rules and the Influence of 
Structure on Optical Rotation 

In optically active compounds that have inorp than one asymmetric 
center, the rotation ol eaeh compound might tie considered as the sum ol 
the partial rotations of the asymmetric centers. Thus, foi tlie isomeric 


compounds : 
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the purtinl rotations contributed by the individual asymmetric carbon 
atom® might be represented as ±n, b, and r. If in all of the alaivr stereo- 
isomers, the rotatory contribution of eaeh asymmetric center remains the 
same and differs only in sign according to its configuration, the Hum of the 
rotations oi compounds IT, Ifl and IV should lie equal to that of the com- 
pound I. Thus, 

For compound 1, the rotation is +a+b+r 
For compound 11, the rotation in +a+b-c 
For compound III, the rotation is +o— b+r 
For compound IV, the rotation is — a+b+c 


Sum (11+111+ IV) is (+a+b+c) 

■ 11. O. L Fincher, 0. Taubo and K Haer, Be r., 00, 400 11027). 

*• W L. Evans and H 11. Hass, J. Am. Chan. So e., 48 , 2703 (1820). 
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The hypothesis oi the additive nature of the rutatoiy contributions of the 
individual asymmetric centers of stereoisomers in making up the total 
rotation of each isomer was formulated by van't Iloff and has been knonn 
as the “principle of optical superposition.'' In its full goneialisation as 
applied to all substances, the hypothesis oi optical superposition is defi- 
nitely unsound and thus it is not a “principle”; nevertheless, it has been 
Bhown by Hudson 17 that the hypothesis holds in first approximation ioi a 
large number of carbohydrates, and the approximation is sufficiently close 
to permit valuable inferences concerning structure and configuration to be 
drawn from comparisons of the rotations or carbohydrates thiough the 
application of his Iborotation Rules. 

According to these rules, the rotation oi a glycoside or other sugar dem a- 
tive may be considered to be composed of two partb : A, the partial rotation 
of the anomeric carbon atom, and B, the rotatory contribution of the other 
active centers. According to the configuration of the active centers, A and R 
may he positive or negative. 
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The application of the optical superposition principle permits of the calcu- 
lation of the partial rotations .1 and B Thus, Jl/« — Alf = A + B + A — 
B - 2A and M a + Mf = A + B — .4 + B * 2 B. Hence, the partial 
rotations may be obtained by adding the molecular lolatious oi anomers 
to give 2B and by subtracting the molecular rotation of the beta isomci 
from that oi the alpha lbomer to give 2 A. The partial rotations are onr -halt 
of each ol these sums and differences As a result of the measurement of the 
rotation of many alpha-beta pairs in the sugar series, Hudson was able to 
formulate the two Rules of Isorotation : 

Rule 1 : “The rotation of Carbon 1 in the ease of many substances of the 


11 C S. Hudson, J Am Cham Hot , 5/, 66 (10(H) her also F. J Bates and Asm 
cutes, “Polanmelry, S such an me try and the Sugars Circular C HU of the Natl 
Bur. of Standards, p. 411 (1942). 
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sugar group is affected in only a minor degree by changes in the strurture 
of the remainder of the molecule.” 

Rule 2: “Changes in the strurture of carbon 1 in the case of many sub- 
stances of the sugar group affect in only a minor degree the rotation of the 
remainder of the molecule.” 

According to the first rule, changes in the structure of a sugar or glycoside 
molecule at carbon atoms 2, 3, 4, 5 and 6 should have little influence on 
the partial rotation ( A ) of carbon atom 1 . In Table V, the effects of substi- 
tutions in the pyranose ring of glurosidoK on the rotatory contribution of 
the anomcric carbon atom (.1 ) are indicated. As a first approximation, the 
sub&titution of methyl groups at carbon atoms 2 and 3 and of large glucosyl 
groups at earbon atoms 4 and 0 appear to affect the rotation of carbon 


Table V 

7\&t of Rulf 1 2 1 Vahttb for MuhbUhited Gluto'nde* 


(■luropvr^nosidr 

j MnhcuLr rotation | 

' a isomer 1 (3 isoniir 

1 1 

1A 

(Ua - Mfl) 

Methj 1 

1 30,860 

- 6,640 

37,500 

Mrthjl 2,3 dimethyl 

31 ,600 

-S 1,10 

30,400 

Methyl 6 P glucohvl- (methyl 
gentuibiosulcd) 

| 23,340 

- 12,800 , 

36, 100 

Methyl 1 p glue usyl (methvl 
cellobinhidee) 

,'U 4<M) 1 

b,hl0 

41,300 

Ethyl (pyranubides) 

31,700 1 

-7, tWO 

30,300 

Eth> 1 (furanoaules) 

| 20,400 1 

-17,000 

38 300 


atom 1 only to a minor degree. Even a difference in ring structure has but 
little influence. 

Although the first rule docs not mention configurational changes, it is 
of interest to investigate the influence of \ariations in the configuration 
of the remaining carbon atoms on the rotatory contribution of carbon 1 
For this pui prise, the 2 A values of a numl)cr of glycosides are given in 
Table VI. It will he noted that the 2 A values for the upper four pairs of 
glycosides agree very w oil but that the values for the mannosides and 
rliaranosides differ appreciably from those for the other glycosides. The 
latter two pairs differ from the others in the configuration of carbon g which 
is immediately adjacent to carbon atom 1 . The oliserved differences prob- 
ably are to be ascribed to interaction between the groups attached to 
earbon 2 and those at carbon J . As is shown by the 2 A values for glucosides, 
galactosides and gulosidcs, configurational changes at carbon atoms more 
distant from earbon 1 than carbon 2 liave only a secondary influence on the 
partial rotation oi carbon 1. It would be expected that the unknown idosides, 
altrosides and talosides (which have the same configuration for carbon 
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atom 2 as nuumobe) would have 2 A values wimilar to those for the man- 
nosides, whereas the rotational differences for the allosides should lie similar 
to those for the glucosides. The interaction between groups should become 
less as the temperature is increased. Actually at 80°C., the difference Ik - 
tween the 2 A values for mannose and glucose derivatives is much less" 
than at 20°C. 


Tab ix VI 

9A Value k for Olyt widen 


Methyl glycosidis of 

±24 

l Arahinose 

37,460 

D-Cialartosr 

38,220 

i) Glucose 

37,500 

n Gulnse , 

39,390 

i) Mumiuue 

| 28,930 

l Ithamnosp 

1 

28,140 

Table VII 


Tcht of Huh 8—£B Valuta for Olucoaidea 

GluiDHide 

IB (M. + Mg) 

H (glurose) 

23,800 

Methyl 

24,200 

Ethyl 

24,000 

Propyl 

22,700 

Ethylene glycol 

23,600 

AJIyl 

19,700 

(’’yelohewl 

21,100 

licn/y 1 i 

21,000 

Phenyl 

! 31 400 

p Nilrophenyl 

33,700 

p Hydroxy pheml 

31,300 


The second Rule of Isorotation requires fur each sugar type that the total 
rotatory contribution (B) of all carbon atoms except that of the unomeric 
carbon atom (.1) be independent of the structure oi the group* attached 
to the latter. Data for testing this rule are given in Table VII by a com- 
parison of the 2 B values for glucose and the glucosides. For the aliphatic 
glucosides, there is good agreement between the various 2B values. But, 
as pointed out by several writers, the phenyl glucosides exhibit appreciably 
larger 2 B values. 6 * 1 The average 2 B value for the aliphatic glucosides is 

u W. Kau/m&mi, J Am, Chern. Hoc , 64, 1026 (1012) 

¥. and K. V. Armstrong, “The Carbohydrates,” p. 41; Longman*, Green & 
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23,200 (B - 1 1,000) and for iho aromatic ghirosidcs is 32,200 (B ■ 16,100). 
Othor sugars exhibit similar differences. These data prove the general 
validity of the second rule but indicate that the rule should he modified 
to allow for the differences between the B values for the aromatic and the 
aliphatic glycosides. 

The second Rule of Isorotution has considerable value for the deter- 
mination of the structure of the Migum. As mentioned elsewhere (p. 46), 
the structures of the glycosides cun lie determined by reliable methods, 
Imt the corresponding methods for the sugars are less trustworthy. How- 
ever, if hy application of the second rule the sugar is found to have* the 
same B value ns a glycoside of known structure, it usually may Is* assumed 
that the sugar lias the sumc structure as the glycoside. As an example, the 
B value for the crystalline forms of glucose may ls> compared to those for 
the ethyl glucopyrnnoHides and the ethyl glurofuiunosides (Table VIII). 

Tibu: V JJ1 

2H Yuluts Jot (rlutnpufdnnsnhh umt OlnctiJurtinotti(h* 



li/Ji. 

2H 

flfc-l t (ilurOBC 

20,20(li 

23,60'i 

p-h (llui-ow* 

3,400' 


Ethyl o ghicofurtiiKiMrir 

20 100, 

2,500 

Kt hvl 0-ftlucnfuriuiosiili 

17,900 


Ktlul u glumiiviaiinmitc 

31 700 

21,100 

Ethyl p nfltiiopviiimiMilt* 

7 . 0(H) 



lln- agreement of the 2 B value lor the crystalline lorrns ot glucose with 
that iorthe ethyl glucopyrunosidcs provide** strong e\ idence that the known 
isomers ol glucose are pyrunose modifications. In the cane ol glucose, the 
pyiauosc stiucturc also is eonfirnied l>y other methods (p. 40). 

In a similar fashion, application of the Isorolation Holes led to the in- 
let cnee 70 that the biuse euustiliient oi the glycoside ainvgdalin is gentio 
biose; thi^ structure wa- established shortly aflenvards by chemical 
synthesis. 

The calculation ol the A and H values requires that the rotations ot both 
Iho alpha and lieta. isomers be known. However, a direct correlation btf wvpti 
the molecular rotations of 0-glurosidns and the corresponding rotatory con- 
tributions LI) ot the miomeric carl>on atom lias ls*en shown. This correla- 
tion would lie expected, for according to the Isomtation IVineiple, the 1 
molecular rotation ol a /d-glucoside is represented us \M\n = —.1 +■ B. 

(Jo , iiimilmi (1931), \V W Plenum iiml M S !hIm*I1 , Iffwarrh \atl Hut . Sttuidanlf,, 
f7, 9 (l!Wlj 

70 C. S Hudson, J. Am Chem. Soc , *183 (1924). 
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\AJ\d should vury directly with A since B in a constant. It is possible then 
to investigate the effect of the structure of the nglycon group of a ghicusido 
on the partial rotation of the carbon atom i by a direct comparison of the 
molecular rotations of the 0-glucosiclen. The accompanying Tables IX and \ 
list the molecular rotations of many 0-glucosidcs. The values for the molecu- 
lar rotations that are given in the tables are calculated from the specific 
rotations by multiplication by the molecular weights flilf]# ■= [«|d X 

Tvbi.h IX 
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CO OCH 

-20 210 

23 , 2*10 

2 - 1,550 

NO. 

20,500 

27 MO 

31 .030 

(Ml C\ 

- Ill 070 


21 .080 

co cu 

10 M 0 


28,120 

(MIO 

17 f )*Hl 


- 20,800 


" Molmilar mlnliniih i|n|„ X nml ul ) Ini «f|iimi|s ^ohil ions ,H 'i|>pm\imiilf'h 

ao°c 

1 hi iKiuemih iiMw mill solution a il It itcitl I'lmrnilntliuii i‘<]imnli k iil m i In* |«lu 
i'iihiiIo fMuimii ration 

‘ One nf thr values nmi Ik* in ormi 

M.W.). They repmteiit the influcnti* ol variations in the .structure oi the 
afclyeon group (croup R) on the total molecular rotation and probably on -1 . 

CHpOH 

i r 

"M" 

hoV$!LJ^h 

OH 

Although the 0-glueoaidcs of the primiiry ami secondary alcohols have 
relations usually falling in the interval — K,fi(K) to — 10,000, those derived 



Tablb X 

Molecular Rotations o f Ali phatic p-n-Glucostdee 


Aglycon Group 

(IC]d in water 
t — approx. 20*C, 

Md 

Primary Alrohol Series 

CH* — 

— 6,640 

-34.2 

CH,— CH,— 

-7,640 

-36.7 

CHiOH — C1I, — 

-6,860 

-30 6 

CHg— THi-CHj-- 

-8,600 1 

i 7 

CHiOH — CHj- CIIs 

-8,620 | 

-36 2 

CH, — (CHi)r 

-8,720 

-36 9 

ClIiOH— (CH,), 

-8,830 | 

-35 

CHj — (CJH,) to - , 

‘-8,910 

-33 7 

CII,-(Clf,),— , 

“-8,800 

-30 3 

CH,— (CH^b— 

*-8,820 

-28 S 

CHr (CHj). — ' 

*- 8 010 

-27 8 

nii-fcaii),!— 

'-8,610 

-24.7 


l — 8,900 

-22.0 

Thu Series 


- 1 

- S 070 

-36 3 

(010,011- C’llr* 

-9 430 

— 39 9 

(CIIOjCH- CH, OH 

-0 110 

-36 4 

Teihaiv \lrnlinl Senes 


(CHi),C 

1 190 

10 0 

(CII0.1VC.IIJ 

1 4 SO 

-17 0 

CHiCCCjU.) - 

-M00 

- 17 0 

(CsIli)iC 

- 3 730 

'•-13 1 

I'mIoIiomI and Beny\l IIoinnlo^miH Senes 


C »IIu - 

-10 860 

-11 1 

C.H„ -CHj 

-10,220 

-37 0 

cvi„ -(('lb), 

— 8,140 

27 3 

C,Jl,-(CII t ; 

-8,670 

-30 5 

0,11* -CII_ 

11 460 

-53 5 

C.H,- 

-18 l'K) 

1 " 71 

m-CIIjOIT -CbIIb -CH, 

| -11,080 

1 -46 0 

/i-OHjOH— CJl A - Oil, | 

| -15,170 

i -50 5 

Substituted Mrnhol Series 


oiij-CH -C Il, 

-0,200 

1 - 12 2 

tooh- (’Hi 

-10,500 

- 14 1 

NHj — CO— CIIj- 

-10,260 

1 -43 2 

(CH,OII)jCTI - 

i -7,650 

l -30 1 

CHj(OGU,J “CUi 

1 -0,840 

-28 7 

OH.(OC.Hi) ('Hi 

-6,160 

l -25 6 

CH-p(CI) — CH j— 

-7,090 

| -29 2 

CHj (Hr) — C1I, — 

-7,490 

-26 1 

CJI,(I)— CITj — 

- 8,450 

-25 3 

CH,(SOiH) -CHj 

-9,480 

-32.9 

CH,(SO,CiH0 — CH, - 

-7,620 

-24.1 

NHj -CO— NH — N«-< 11- CHj 

-8,880 

-31 8 

CHiOH — (TU — O — (’Hi — CIIj — 

| -8,010 

-22 4 


■ notations measured in CH 3 OH at 25° C. 
b For monoliydrate 

• Rotation mfumrod in 0*11 „0 KI at 21°t\ 









MONOa&CCHAHIDB STRUCTURE) AND STEREOCHEMISTRY 


87 



Fiq. 5. Relationship between the pK values of phenols anil the 
molecular rotations of|the corresponding /S-glucosides. 



Fig. 6. Influence of temperature on rotation of some /9-glucosides. 

from phenols exliibit molecular rotations greater than — 17,000. The corre- 
sponding derivatives of the tertiary alcohols have molecular rotations near 
—4,000. For the aromatic glucosides, there is an interesting correlation be- 




88 CHWBIBY OK THE CARDOHYDEATKfi 

tween the effect of substituent groups present in the phenyl nucleus on the 
rotations and the influenre of the same groujw on substitution reactions of 
henaene derivatives. The “ortho-para directing groups'’ when substituted in 
the aromatic nucleus of phenyl /J-glucoside have little nr no effect on the 
rotation. However, “met a directing groups” in positions metn and parn to 
the glucofddic connection cause the rotation of the glueoside to ljeeome ap- 
preciably more negative than for phenyl /3-glueoside. Thus, the value of 
—31,000 for p-nitrophenyl 0-ghieoside compares to that oi - 18,200 for the 
phenyl 0-glucosidc. lliortho-substituted derivatives hnv e imomolously low 
molecular rotations which are near those of the tcrtiiirv-ulkyl 0-glucoHidcs 
(-4,000 to -5,000). 

As shown in Fig. 5, the influence of substituents in the urumatir nucleus 
of phenyl jH-glucosidc parallels the effect of the same groups on the acidity 
of the corresponding substituted phenols. 

Many of the ortho-substituted phenyl 0-glucoside tetraacetates have 
anomalous positive rotations. Thus, the o-nitruphenyl 0-glucoside tetra- 
acetate has a molecular rotation of +21,100 (|a]„ - l.»j us compared to 
the negative vulues — 17,-100 and — 19,200 for the metn iuid para isomers. 
However, as shown in Fig. (i, the positively rotating derivatives have a 
very large temperature coeilicient and their rotations become n<*gative at 
higher temperatures, although the rotations nl Die w- ami p-isomers an* 
affected only 1o a minor degree by an increase of temperature. This and 
other evidence makes it probable 1 1mt the positive rotation nl certain of 
the o-sul>stitute(l phenyl 0-g)urosidc tetraacetates is due to a bonding of 
the group in the ortho posiliou with an acetyl group in the sugar portion 
of the molecule. 71 

n W. W. J’igman, J. Rtuarch Salt Hut, Stand'inU, M, 1 2*t ( HI-44). 



Chapter III 


OCCURRENCE, PROPERTIES, SYNTHESIS AND ANALYSIS 
OF THE MONOSACCHARIDES 

1. Naturally Occurring Monosaccharides 

A. Introduction. Many sugars arc Imind fm* or combined in nuturally 
occurring materials. These sugars arc of particular importance because of 
the interest in their biological function and in their present or potential 
industrial application. To the sugar chemist, these sugars are of value in 
providing along with the sugar alcohols and urunic acids starting materials 
for the preparation of the synthetic sugars. Of course, it is to lx* expected 
that Borne r>f the sugars now classified as synthetic sugars will in the future 
be found in natural products. 

n-(ilucosi‘, five or combined, undoubtcdl.v is the most widely distributed 
oi the sugars. Other aldohexoses found in natural products arc o-mannose 
and o- and j.-gulaclose. Two ketohcxoscs, n-fruetose and i.-sorlwsc, aw 
also encountered, although L-sorhose may lx 1 a secondary product produced 
by the iictiou of bacteria on its precursor, n-sorbitol. The origin of n- 
pnicose (D-nllulose) fovuid 1 in the unfermni table fraction of cone molasses 
wmains to be explained. Of the pentoses, n-xylose, n-vibose, d- and ir 
arabinose and possibly L-lyxose 1 aw. of biological origin. A ketopentose 
(lr-xylnlosel linslieen reported present intlie urine of patients with pentos- 
uria. 'flic lower hoinologs of tho sugar series aw wpresented by the (rinses, 
glyccruldcliyde and dihydroxyacetone, which occur as their phosphate 
derivatives in the intermediate stages of yeast fermentation os well as in 
many other important lunlogiral processes. o-Maunoheptulose and sedo- 
hoptuW aw the only known naturally occurring sugars with carbon 
chains longer than six atoms, although tw'o sevcn-carbon alcohols (persei- 
tol and volcmitol) have been isolated from plant products. 

Many desoxyttugars, formally derived from ordinary sugars by the re- 
placement of a hydroxyl group by a hydrogen atom, are of biological 
origin. The methyloses, with a terminal methyl rather than A primary 
alcohol group, are the most common ilesoxysugars. All of the aldohexuseH 
mentioned above aw represented in the n- or L-form by nuturally occurring 
methyloses which aw C-desoxy-D-glucose, 6-dcsoxy-n- and L-gulactoee 
(d- and L-fucusc), and fi-desoxy-L-mannose (L-rhamnose). The occur- 
rence of L-rhamnuse rather than its cnantiomorpli is perplexing since the 

1 F. W. Zerban and L. Battler, Ind. Eng. Chin., 34 , 1180 (1042); L. Saltier, U. 8. 
Patent 2,877,833, June 0, 1043. 

' J. M Gulland and G. It Uaikcr. J Vhem. Sec., 023 (1048). 
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corresponding natural aldohcxose (n-mannose) belongs to the n- rather 
than the L-serics. Desoxysugars other than the mcthyloses are found as 
constituents of nucleic acids ( Chapter IX) and of the cardiac glycosides 
(Chapter XI). 

It is of interest that only sugars of the galactose type are to be found in 
both the n- and n-forms. Thus, d- and L-galactose, d- and L-fucose and 
d- and L-aralnnosc are constituents of natural products. The occurrence 
of both the d- and L-forma may be a result of the symmetry of the galactose 
molecule, for reduction of the hemiacctal group and oxidation of the pri- 
mary alcohol group would result in the conversion of n-galactose to L- 


galactose. 

110=0 

1 

H.COH 

1 


11 COI1 

1 

HCOH 


IIO Oil 

1 

| 

HOCH 


1 

HOCH 

| 

HOCII 

I 


1 

I1COI1 

1 

1 

HCOH 


1 

Hi C01I 

D-Galactoae 

— ^ HC=0 

L-Galiirtose 


Two sugars with branched carbon-chains (apiosc and hamamelose) 
have been reported (see p. 470). The presence of still other monosaccharides 
has been recorded, hut additional investigation is necessary liefore the 
identification can be accepted. l-GIucohc, the enantiomorph of the uni- 
versally occurring n-glucosc, has been reported*- * to be among the hy- 
drolysis products of the glycoside eapsularin from jute leaf and to be in the 
leaves of Grindelia species. 

The natural sugars may exist free, or combined as components of larger 
molecules such as oligosaccharides, polysaccharides, glycosides, etc. The 
better-defined polysaccharides arc usually homopolymors of monoses; 
cellulose, starch and glycogen arc glucose polymers; inulin gives n-fructose, 
and pectinB yield mainly D-galacturonic acid on hydrolysis. Other poly- 
saccharides (gums and hcmicelluloses) are hetcropolymers of simple 
sugars, uronic acids and amino sugars. Many of the rarer sugars appear 
as constituents of glycosides or nucleic acids. 

B. Properties, Identification, Origin and Preparation of Naturally Occurlng 
Monosaccharides. Many particulars of interest in connection with tho individual 

» F. B. Power and F. Tut in, Chem. Zenlr., 77, II, 1023 (1006). 

1 U. Saba andK. N, Choudhqry, /. Chem. Soe., Ill, 1014 (1922). 
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naturally occurring monoseg are given in the following pagea. For add i tion al in- 
formation and details, it ia suggested that the following references in particular be 
consulted: 

“Beilstcins Handbuch dor organisehen Chemie,” Vol. 31; J. Springer, Berlin (1038). 
F J. Bates and Associates, “Polarimrtry, Saerharimetry and the Sugars*'; Circular 
C 440 of the National Bureau of Standards; U S. Gov’t. Printing Office, Wash- 
ington, D. C. (1042). 


a . Hexobes 

D-Fructose 

HoHic /°V 

M HO/I 

M >| -f CHgOH 

OH H 

(keto - Frucl obo) (0 ( ?) -Fruct of uranoae) 

Synonyms. Levuloae, fniit sugar. 

Properties, m.p., 102-104 °C.; [a]? = -132.2 -> -92.4 (HiO; c, 4). 

Fermentable by yeasts. 

Identification. a-Methylphenylosazone, o-, m- and p-nitrophenylhydra- 
zoncs, (glucose) phenyl osazonc and numerous ketose color reactions. 
Occurrence. o-Fructose is found, usually accompanied by sucrose, in an 
uncombined form in fruit juices and honey. Apples and tomatoes are said 
to have particularly large quantities of the sugar. SucroBO consists of D-fruc- 
tose and D-glucose in glycoBidir union. Plants of the family Compositae con- 
tain large amounts of levulosc polysaccharides (inulins) of the type of inulin. 
It is of interest that many common weeds, e.g., Jerusalem artichoke, bur- 
dock, gddenrod and dandelion, as well as dahlias and chicory utilize 
inulins as reserve polysaccharides. The sugar is a frequent constituent of 
oligosaccharides, often combined with glucose as a sucrose unit, but it 
rarely occurs in glycosides other than oligosaccharides. 

Preparation .* The abundnnee and wide distribution of D-fructose in 
natural products, its sweetness and its resistance to crystallization have 
stimulated considerable experimental work on methods of preparation. 
Most methods depend on the formation of a difficultly soluble calcium levu- 
late or fructosate in which one mole of the sugar is combined with one of 
lime. The compound is washed free from impurities, such as other sugars 
and inorganic salts, and decomposed to D-fructose and insoluble calcium 
carbonate by carbonation. 

The best source of D-fructose for large-scale purposes is probably the 

1 R. F. Jackson, C. G. Silsbeo and M. J. Proffitt, Bur. Standards Bet. Papers, 10, 
587 (1926) ; T. S. Harding, Sugar, 88, 406 (1023) . 

For a comparison nf different sources gee: E. H Hatter, W. G. Gaessler, and R. M, 
Huron, Iowa State Coll J. Set., 18, 201 (1042). 


H H OH 

(HOIHgC— C-C-6-C - CH.OH 
llll * 
OH OH H 0 
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inulinR of the Jerusalem Artichoke, a native (sunflower, or others of the 
plants mentioned above {Compositne). These polysaccharides are extracted 
Irom the artichoke lulx'rs with hot water, the extracts arc hydrolyzed hy 
acids (or possibly by enzymes) and the D-fructoae ia precipitated from the 
solution with lime. For small preparations, sucrose is frequently utilized 
as the raw material hy inverting it with acids or interlace and then sepa- 
rating the (ruHoseaud D-ghiense. The separation is aeromplished by direet 
crystallization, b> removal ot the glucose by oxidation to gluronic acid 
(ketoses arc not afleeted), or by the separation of the ealeium tmetosate. 
Conditions a it* patented lor preparing fructose by the action of alkali 
on D-glucose. 1 

Qitural DutruMOH. Only one ciystolline isoinej ol the sugar is known und 
this U probably the pyranose form. In solution, hnwevei, as indicated by 
evidence obtained from nuitarolation studies (p. 07 J, il considerable 
amount ol the luranose modification is present. There* ls no evidence for a 
true* equilibrium l>etwcen a- and jB-isumcrs although this condition nmy 
)>e a result of the piesenee ot only a small quantity ol the unknown isomer 
rathei tliun ol its complete absence. Vpon acetylation, the acetylated 
acyclic modification is obtained accompanied by the cyclic forms. In 
natural products the sugar, when combined, e* always tound as the fur- 
anose modification. 

Most tests have shown n-lnictose to lx* Lhc sweetest ol the sugars, al- 
though the actual ration between the various sugars dc]M*nd to a console! - 
able extent on the metlicxls and conditions adopted loi the comparison 
Taking the sweetness ol sucrose as 100, that for D-fructose has I*»en re 
poi ted us \arying from 103 to 173. The following table give** the relative 
sweetness ot some sugars and other organic compounds. 


Tama J 

Ktlahvt -Si m/nm of Nome Uiqtinu Com {mondh 1 



Xrlitm S«rrtntv» 

('atie uugai (nucmHi* 

; * 

u Fiuctosc 

1 It- l 5 

If (JlllCOHC 

0 5-0 f» 

Lactone 

0 27 

Maltose 

U GO 

Soibit ol 

0 IS 

(jljTcrol 

0 IS 

Invert sugar 

0 8-0 <1 

Saccharin 

200-700 

Perillaldelmlr a-anti tdilo\ime 

2000 


■ H M Canlni anil K (\ Hobby, V 8 Patent 2,351,604, Aup * MM4 
7 C F Walton, ‘'International Critical Tables/’ t , 357 (1326' 
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D-Fructose is ool easily prepared because it in very soluble and crystal- 
lises with difficulty, but these properties are advantageous in the prepara- 
tion of sirups and candies which will not crystallise. 

D-Oskctose 

H OH OH H 
I I I I 

(HO)H.O — C-C-C-C -OHO 
I I I I 
OH H H OH 

(ahlehi/do D-GalnrloHC) (a n Gulartopyramise) 

Synonyms. (Jerebroso, ‘‘brain sugar.” 

Properties, a-Isomer ; ra.p., 167°0; [a]f = 150.7 — > 80.2 (HjO; r, 5). 
/3-Isomer ; [a]™ = 52.8 — » 80.2 (H/J; c, 4). 

Fermentable by lnctosc yeasts or yeasts especially nerlimii- 
tized to galactose. 

Identification . a-Methylphonylhydruzonc, galactose oxime, oxidation to 
mueie acid. 

Occurrence. The bugar is a frequent constituent of oligosaccharides, notably 
lactose, vnelibiose and raffinoso. Polysacchandes which yield galactose on 
hydrolysis include agar, gum urabic, mesquife gum, western larch gum ami 
many other plant gums and mucilages. A fp\v glycosides have also been 
reported to yield galactose on hydrolysis (idnein, niyrtillin, the eorebro- 
Bides, etc.). Crystalline galactose has lxvn observed on ivy berries. 

Galaetogen, a galaetosan found in the albumin gland ol the snail ( Helur 
pomatta) and frog spawn ore also rich in galactose. The mebrosidos, oc- 
curring in considerable amounts in bruin and nerve tissue, arc gulactosides. 
Preparation \ Tlie most frequently used method inquires tlie hydrolysis 
of lactose by acids and the direct fractional crystallization of the galactose. 
A modification 11 of the method involves the removal of the glucose by fer- 
mentation with yeasts and the crystallization ol the remaining galactose. 
Water-soluble gum trom the western lurch is suggested 1 11 as a source of 
galactose. A similar gum is extractable from the eastern lurch 11 (we under 
Arabo-galaetanj. 

General Discussion. Two crystalline isomers ol the sugar lire known. 
The a-form is the stable form, obtained under most conditions. The fJ- 
isomor is prepared by crystallization from cold alcoholic solution 11 . 
Galactose and glucose differ only in the configuration of carbon 4, and 

■ T. 8. Uariling, Sugar , iff, 17A (JU29II; K. V ( 'lark, Hur. Standards Sex . Papers ., 
17, 228 (1922j. 

I G. Mougne, Hull sot. rhnu. hi ol , 20G (1222; 

II A. W. Bohorner and D. F 8inith, J. Ind. Eng iihim , H f 124 0216). 

11 L. E. Wise, P. L. Hamer aud F V. Peterwn 1ml Eng. Chun , iff, I84‘(1933; 
l * G. S. Hudson and E. Yanovnky, ./ .1« Chem Sue., 90 , 1021 0917). 
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this difference results in a greater tendency for galactose to give furanose 
derivatives. As a result, the mutarotation of the galactose isomers does 
not follow the first-order equation, and considerable quantities of furanose 
isomers are formed when the sugar is directly acetylated (p. 152). 

Galactose is one of the few sugars other than D-glucose which are found 
distributed to any great extent in the animal kingdom. In combination 
with glucose as the disaccharide lactose, it is an important constituent of 
the milk of mammals. The in vitro conversion of glucose to lactose through 
the enzymic action of mammary tissue extracts has been demonstrated. 
The reaction does not seem to involve a direct condensation of glucose 
and galactose but more probable proceeds through a degradation and 
resynthesis (see under Lactose). The kidney threshold of galactose is very 
low but despite this the sugar is metabolizable. When galactose is injected 
intravenously into normal dogR, it is removed from the blood within two 
hours, but only 10 to 30 per cent appears in the urine 18 . The manner of its 
utilization is uncertain, however. The effect of the ingestion of galactose 
on glycogen formation by fasted rabbits has been investigated by Bell, 14 
who although unable to detect any galactose in the glycogen formed, re- 
ports that the glycogen molecule consists of repeating units of 18 glucose 
residues rather than the 12 usually found for these animals on normal 
diets. However, from such livers a small amount of D-galactose 1 -phosphate 
has been isolated which is unaffected by enzymes of muscle, liver and yeast 
extracts but which is rapidly fermented by galactose-adapted yeasts. 18 
There is little difference in the galactose tolerance of diabetic and normal 
men. In rabbits, insulin does not accelerate the disappearance of galactose 
from the blood. 18 However, in many clinical conditions impaired galactose 
clearance from the blood has l>een demonstrated. 1711 n-Galactose, like d- 
xylose, differs from glucose, fructose, mannose and arabinose in that when 
fed to young rats in large quantities (35 per cent of the diet) it produces 
cataracts. 171 * When still greater amounts are ingested (55 per cent of galac- 
tose in diet), chickens develop violent spasms and die after a few days. 174 

Cerebro&idcs. 1 * A group of poorly defined substances known as cerebro- 

11 J. L Bollman, F. C Mann and M. H. Power, Am J . Physiol , 111, 483 (1935) 

ll D. J. Bell, Biorhem J ., SO, 1612 (1936) 

»II. W. Kosterlitz, Nature , 144, 635 (1939); H. P. Colowirk, J. Biol. Chem , U4, 
557 (19381. 

11 J. H. Hoc and A S. Schwartzman, J. Biol. Chem., 96, 717 (1932). 

1T * A. M. Bassett, T. L. Althauson and G C. Coltrin, Am. J Digestue Diseases, 
8, 432 (1941). 

»"■ See: H S. Mitchell and Cl. M. Cook, Proc. Sac. Exptl. Biol. Med., 4*, 85 (1910); 
A. M. Yudkin and H. A. Geor, Arch . Ophthalmol ., 98, 28 (1940). 

l7b H. Dam, Proc . Soc Exptl Biol . Med., 65, 57 (1944). 

11 General reference: I. H. Page, “Chemistry of the Brain”, p. 140; Charles C. 
Thomas; Springfield, Illinois (1937). E. Klenk and K. Schuwirth, Ann. Rev. Biochem., 
6 , 123 (1937). 
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sides or galactolipins are found in brain and nervous tissue and in other 
tissues and organs. The investigations of Thudichum, Thierfoldcr, Levene, 
Rosenheim and Klenk have established that the oeiebronides yield on 
hydrolysis a nitrogenous base (sphingosino), a fatty acid and a sugar 
Arcording to Klenk, 1 ' a speeial group of cerebrosides, found only in central 
nervous tissue, may be distinguished as gangliosides. 

Alkaline hydrolyeis of the cerebrosides yields fatty acids and a glyco&yl- 
sphingosine: 


CHi — (CHj),,— CII=CH — Ull — CH — 0 — C t H u O 

I I 

OH CHj — NH, 

The fatty acid constituent of kcrasin is lignoccric acid, 

CH,— fCH,)„— COOH, 

of phrenosin is 

CII, — I Oil,),, — CHOI1-- COOH; 
and of ner\ r onic acid is 

CH, — (CH.), — CII=CH- l CH,) U — CH,— COOH 

These cerebrosides apparently consist of the glycosides of an a-hydroxy- 
amine (sphingosine) in combination with different fatty acids which are 
combined with the base through an amide (peptide-like) linkage. Nervonic 
acid, for example, is given the following formula: 

Cn, — ( CH,), — CH= CH — ( C H, )i , — C=0 

OH NH 

I I 

CH,— ( CH,), ■ — CH=CH — CH — Oil — CH, 

0 — OgHi iO, (galactosyl) 

Nervonic acid 


Although the principal sugar component of cerebrosides is D-galactose, 
a cerebrosidc resembling kerasin and separated from the spleen of a pa- 
tient suffering from Gaucher’s disease has glucose rather than galactose 
as the sugar constituent. 20 The cerebrosides arc believed to be glycosides 
since some are hydrolyzed by almond emulsin 91, 22 (a- or j8-galactosida.se-?) . 

11 E Klenk, Z. physiol. Chem., 878 , 76 (1942). 

10 N. Halliday, H. J Deuel, Jr. r L. J. Tragerman and W. E. Ward, J. Biol Chew , 
138 , 171 (1940). See also: J. Bnlckner, A physiol. Chem., 876 , 73 (1942); J. Polonoveki, 
BuU. soc. chim . biol., 86, 44 (1943). 

11 B. llelferich, H. Appel and R. Gootz, Z. physiol Chem., 816 , 277 (1933J. 

“ J- Pryde and R. W. Humphreys, Biochm. J . , 50, 825 (1926). 
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Since methylation and hydrolysis of oxbrain cerebroside produces” tetra- 
methylgalactopyranose, the migar residues in the ccrvbrosidea have a 
pyranoside structure. 


L-Galactose; n,L-Galactose 

OH H H OH 
i i i i 

(HO)H.C— C-C-C-C-CHO 
I I I I 
H OH OH H 

( aldeh i/tio - 1 -( lalarl one) 

Properties. See more accurately determined properties oi the n-isomer 
d,l-I somer: m.p. 143 144°, 163°C., optically inactive 
L-Galactose is not fermented by yeasts. 

Occurrence. Several polysaccharides including >chugual gum, agar-agar, 
and flaxseed mucilage produce L-gulactose on hydrolysis, and since d- 
galacto&e is usually present, the D,L-gahictosc is obtained. Golactogen 
from snails also gives n- and L-galactose on hydrolysis. 21 
Preparation. The synthetic methods are the most convenient although 
the preparation tram flaxseed mucilage aud agar has been dcscrilied. 14 
The separation ol L-galactose from natural nr synthetic D,L-mi\tures is 
accomplished by the fermentation of the D-galactoHC by galactose-adnpted 
yeasts or by resolution of the hydra zones formed Irom optically active 
(d-amyl 1 -phenylhydrazinc. 58 

The reduction of the readily available n-galactu runic acid to L-galac- 
tonir acid and finally to L-galactose may be recommended tor the prepara- 
tion of this sugar. Moie details are given later in this chapter (p. 129). 
It would lie desirable that the alkaline rearrangement of L-sorbosc* be 
given additional investigation as a means for obtaining L-galactose 

n-Glucose 

H H OH H 

I I I I 

(HO)HaG - C- C- C- C -CHO 
I I I I 
OH OH H OH 

(Mehtfdo b-Glucose I (a-D-fJIucopyranofk 1 ) 


» 1) J Bell and K Baldwin, Natuie, 146, 669 (1940) 

14 £ Anderson, J Biol. Chem , 100, 249 (1933); C Araki, J. Chrm Soe Japan, 6$, 
424 (1938). 

» C NcuIktk and M. Fedcrcr, Bn , 88, 872 (1906). 

M C A Lobry de Bruvn and W Alberda van Ekenatnin, Rtc trav chim., 16,246 
(1897), 19, 10 (1900). 
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Synonym*. Dextrose, blood sugar, grape sugar, corn sugar. 

Properties. a-isomer; m.p., 146 8 C.; [a]? = +112.2 — > +52.7 (HjO; r, 4) 
a-Jsomer (hydrate) ; m.p., 88 °C.; |«]f » +102.0 -* +17.9 
(HiO; c, 4) 

/9-Isomer; m.p., 148-150°C.; [«]» = +18.7 -» +52.7 (H,0; 
c, 4) 

Fermentable by yeasts. 

Identification . Phenylosazone, p-nitrophenylhydiazone, oxidation to sac- 
charic acid and separation as silver salt, inrmatinn of double salts with 
sodium chloride. 

Occurrence. This feugar, in a free or combined form, is not only tho most 
common of the sugars but also is probably the moat abundant organic 
compound. It occurs free in fruits, plant juices, honey, blood, lymph, 
cerebrospinal fluid and urine and is a major component oi many oligosac- 
charides (notably of sucrose), polysaccharide*! (particularly cellulose, 
starch and glycogen) and glycosides. 

Preparation * d-GIucosc is manufactured on a large scale from standi. 
Potato starch (Europe j and com starch (America) arc utilised. 

Starch, in aqueous suspension, and 0.25 to 0.5 per cent of hydrochloric 
acid (hy weight of Rtarch) are put in a converter. Steam is passed into the 
converter and a pressure of about 40 pounds/in. 1 is maintained until a 
90 to 91 per cent conversion to glucose has been attained. The acid solu- 
tion is then passed into tubs and neutralized to a pH of 4.8 wilh sodium 
carbonate. Fatty materials originating from the standi are removed by 
centrifugals, and protein and insoluble carbohydrates subsequently by 
filtration. The filtrate is decolorized and purified by passing through bone 
black (animal charcoal) and after evaporation to approximately 30°B£ 
(ca 55 per cent by weight) is filtered again through bone black. The final 
filtrate is then evaporated in a vacuum pan. The subsequent treatment 
depends upon the product desired. 

The last stage in the process is the most difficult to carry out on n large 
scale because the crystallization should take place from aqueous solution 
(cheapness), the crystals should he homogeneous (at least throe forms are 
possible) and the particular rrystals obtained should he easily centrifuged 
and washed. The conditions under which the various pyranose forms of 
D-glucosc are stable are illustrated in the following phase diagram 11 oi 
the system (D-glucose)-water (Fig. 1). 

Below 50°C., a-n-glucose • II 2 0 is the stable crystalline phase but above 
50°(.\ the anhydrous form is obtained. At still higher temperatures, the 
/9-D-glueose forms the solid phase. Although at any temperature it is usu- 

iT w B. Newkirk, Ind Eng. Chew., ttt, 1178 (1924) ; 88, 700 (1980); 81, IK HWl 

" W B Newkirk, Ini Eng . Chtm., 88, 704 (1930) 
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ally possible to obtain any form by the addition of the proper seed crystals, 
this is usually not desirable since the introduction of seed crystals of the 
more stable modification will result in a change to the latter if equilibrium 
conditions are attained. In the commercial process these conditions are 
met for the hydrate by cooling the liquid at a concentration of about 40°B6. 
(about 77 per cent by weight) to a temperature of about 120°F. (50°C.), 
and after seeding heavily with the hydrate allowing it to crystallise while 



X DEXTROSE 


Fio. 1. Phase diagram of the By at cm dextrose- water. 

(Based on data from the National Bureau of Standards and the Geophysical 

Laboratory. 

(W. B Newkirk, Inti Eng. Chem , 48, 704, 1D36) 

the matw is stirred and slowly cooled. The crystals are then separated by 
centrifugation and passed through driers. 

For the preparation of the anhydrous material, the crystals are developed 
at higher temperatures in the vacuum pan wliilo the evaporation is taking 
place. This is done by first evaporating about 15 to 20 per cent of the total 
batch to a thick sirup (00 per cent dry substance) and allowing crystals 
to form spontaneously. The remainder of the batch in then used to dilute 
the seed formed and the evaporation is continued. When the crystals have 
developed to the desired point, the mass is passed into a centrifuge and the 
mother liquors removed. During this final stage and during the washing, 




OCCURRENCE, PROPERTIES, SYNTHESIS AMD ANALYSIS 


the proper temperatures are maintained to prevent spontaneous forma- 
tion of the hydrate. The crystals are finally dried by filtered, warm air. 

The 0-D-glucoee has proved of some technical interest because of its 
greater initial solubility. It has been prepared 1 ' by dissolution in hot pyri 
dine and crystallisation at 0 a C. The accompanying molecule of pyridine 
is removed at 105 °C. The 0-isomer is also prepared 10 by crystallisation 
from hot acetic acid and recrystallisation from water and alcohol at lower 
temperatures. At temperatures greater than about 115°C., the 0-n-glucose 
is the Btable form in contact with a saturated aqueous solution (see Fig. 
1). Because of the high solubility at these temperatures very concentrated 
solutions must be used. It is possible to work at somewhat lower tempera- 
tures (100°C.) if seed of the a-iBomer is excluded. The 0-D-glucose may be 
prepared by seeding a concentrated glucose solution at 100°(J. with 0- 
glucose and then evaporating it at this temperature to a solid mass.' 1 

In industrial circles, the term ‘‘glucose” is used to describe a partially 
hydrolyzed starch product that consists of dextrins, oligosaccharides, 
maltose and dextrose (n-glucose). The material is also designated as C.S.U. 
(com Rirup, unmixed). The commercial material is made by autoclaving 
aqueous starrh suspensions with acids. It has a reducing power usually 
in the range 40 to 45 per cent of the Rome weight of dextrose ; the concen- 
tration of solid material lies in the range 78 to 85 per cent. 

“Ilydrol” is the mother liquors remaining from the preparation of dex- 
trose and corresponding to the "molasses” of cane sugar refining. It con- 
tains dextrose, disaccharides and oligosaccharides. Gentiobiose can be 
isolated from the material (see under Oontiobiosc). This disaccharido and 
Rome other oligosaccharides probably are reversion products produced by 
the condensation of dextrose in the presence of the acids during the original 
hydrolysis. 

D-Mannose 


H H oh os 
i i i i 

(HO)H ( C - C- C- O- C -OHO 
I I I I 
OH OH H H 

(oMeJiy'fo-D-MaDnnfle) 

Synonyms. Seminose. 

Properties. a-Isomor; m.p., 133 B C.; [a]? = +29.3 — » +14.2 (HiO; c,4). 

"R. B»hrend, Ann , 377, 220 (1910); A W. Mangam and fl. F. Acree, J. Am. 
Chem. Sot., 39, 965 (1917). 

" C. S. Hudson and J. K. Dale, J Am. Chtm. Soe , 39, 323 (1917). 

11 R. L. Whistler and R. F. Burhanan, J. Biol. Chem., M, 557 (10381; C. Tan rot, 
Bull. soe. chim. [3] IS, 733 (1895). 
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(0-o-Mannopyranosr) 
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0-Isomer; m.p., 132°CJ- ; [«]? « - 17.0 — > +14.2 (H*0; c,4). 
Fermentable by yeasts. 

Identification. Phenylhy druzone , anhydro hydrazone tetraacetate, reduc- 
tion to nuuinilol. 

Occurrence, Authentic instances of the presence of the free sugar in natural 
products aie lacking but polysaccharides yielding mannose on hydrolysis 
are frequently encountered. For preparatory purposes, the most important 
source is the sml of the tagua palm,” Phytekphas macrocarpa, also known 
as vegetable ivory. Salop mucilage from tubers of Orchidaccw } white* 
spruce herniwllulosc and Pirn nix canaricnsi 8 are rich enough sources of 
mannose so that they have been used for the preparation of this sugar. 
Mannose 1 has also Ikh'h reported as a constituent of ovomucoid of blood 
scrum globulins and of tuhercle bacilli. 

Preparation ** Shavings obtained as by-products from the preparation of 
buttons Irom the ivory nut ( Phylclcphas macrocarpa) art* considered the 
best source. The vegetable ivory shavings an* hydrolyzed with acids, 
and by a lractioimtion employing alcohols, the mannose formed is sepa- 
rated lroin other substances and crystallized directly from alcoholic 
solution or alternatively is converted to the easily crystallizable methyl 
a-mannosidc. The direct crystallization of mannose is a considerable im- 
provement over the earlier methods which separated the sugar as the 
phenylhydrazom . 

General Dine nan ion. Two pyrnnoHc isomers of the sugar ait* known, and 
eillicr may lie obtained from aqueous solution by adding seed crystals ol 
the desired form to a supersat ura ted solution. The importance of having 
seed crystals is well illustrated by this sugar. The single isomer known foi 
many years was the jS-n-mannosc, but in laboratories in which the alpha 
isomer hud l>een obtained, it became very difficult to obtain the more 
soluble d-form. The tf-D-mannose jioav can lie obtained only b.y very care- 
ful exclusion of the seed of the cr-isomer. 

Mannose* forms an easily crystallizable compound' 1 with calcium chlo- 
ride of the formula CeHuOn* Ca(V4H*0 which exhibits a complex mu- 
tarot at ion with a maximum and wiiich appears to contain the fiminose 
modification of the sugar. u 

n-Mannosc and the related L-rlminnose are the only known natural 
sugars with the configuration of carbon 2 different from that of glucose. 

» li . Hcisb, Bn ., i$, M) (1889) . 

11 T. S. Harding, Sugar, i 6 , 583 (1923); E. P. Clark. ./ Biol . Chan., 61, 1 (1922); 
C. S. Hudson and E. L Jackson, J . Am. Chem. Soc ffff, 958 (1934); II. S. Isbell, J. 
Research Natl. Bur . Standards, 86, 47 (1941). 

u J. K. Dale, Bur . Standard s J. Research, 5, 459 (1929) 

« H. H. Isbell, J. Am . Chem . Soc., 66, 2166 (1933); II. S. Isl>ell and W. W Pig nan, 
J. Research Natl. Bur . Standards, 18, 141 (1937). 
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Since the configuration of this carbon influences many of the reactions and 
properties of the groups on the neighlroring carbon 1, mannose exhibits 
Home difference from glucose, particularly in certain reactions involving 
groups on carbon 1. The contribution of carbon 1 to the rotation of the 
entire molecule is less for mannose (and rhamnose) than for glucose. 
When reacted with alcohols in the presence of silver carhonate, the acetyl- 
mann osyl halides give orthoesters rather than the inannosides, owing to the 
trana configuration of the 2-aretyl and 1-halogeno groups. As a result it is 
ilifiicult to prepare numuil /3-derivatives of mannose, i.y., methyl 0-u- 
mannnside. 

u-Mannoee is absorlied by rats ut only about 12 per cent of the rate of 
glucose, and even after allowance for this difference in absorption, the 
glycogen deposition in the liver is much smaller for mannose titan for glu- 
rose. This sugar is also murh less effective than glucose in lowering on 
existing ketonuria.* 6 


b- Sorbose 

OH H OH 
I I I 

(HO)H,C - C- C- C-C - CHaOH 
I I I I 
H OH H 0 

{krto i, Sorknm 

Synonym*.. Sorbinose, also in earlier literature d-sorbose. 

Vropertin. m.p., 159- l(il ; [al“ - -43 7 - - 13.+ (11,0; c, 12). 

Not fermentable by yeasts. 
htentijication. Phenylosazone. 

Occurrence. Although L-sorbose is found in the feimented juice of moun- 
tain ash lierries (Sorlntn anruparia L.), it lias been shown to lie a secondary 
product tormed by the oxidation of n-sorbitol by bacteria such os Areto- 
Irnrtir xylinvm (see p. 236). 

Preparation. The hiochcmirnl oxidation «J sorbitol is the most com enient 
source of this sugar which, as on intermediate in the commercial synthesis 
of ascorbic acid, is prepared in large ijuantitie^ by this metluHl. The parly 
researches by Hrrtrand 17 showed that sorbitol may lx* oxidised by sorbose 
bacteria ( . I ntobaetrr jylinum Adrian Brown) to L-sorhoHP. Yields of 50 
75 per rent are reported." By carrying out the fermentation with Aceto- 

» a. J Di'iiel, Jr., F. Hallman, 8. Murray and J. Hilliard, J. Biol. Mum , 1*6, 
70 ( 1038 ) 

" G. Bertrand, Co'n/it m, d , l.il, 782 (1898). 

■ H. Schlubarh and J. Vorwwk, Btr., 00, 1251 (1988). 



OH H 
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barter suhoxydans in rotating drums instead of utilizing surface cultures 
of Bertrand’s organism, yields of over 00 per cent are obtained. 19 

b. Pentoses 


L-Arabinose 


OH OH H 
I I I 

(HO)HfC -C-C-C-CHO ' 

I I I 
H H OH 

H OH 

(aldeh -L-Arabinose ) (0-L-Arabinopyranose) 

Properties . m.p., 160°C.; [a]f - +190.G +101.5 (H,0). 

Not fermentable by yeasts. 

Identification. Diphenylhydrazone, a-bcnzoylhydrazone, bcnzylphonylhy- 
drazone, p-nit rophenylhydrazonc, pbenylosazone. 

Occurrence. The sugar, in a combined form, is very widely distributed in 
plant products, being found in gums, hcmiccllulosps, pectic materials and 
bacterial polysaccharides. Spent beet pulp is considered on excellent source. 
Several glycosides yield the sugar on hydrolysis. 

Preparation . 40 Mesquite gum, from a plant ( Prosopis jutiflora and related 
species) common in the southwestern United States, and cherry gum are 
utilized. Mesquite gum consists of L-arabinose, n-galactose and glucuronic 
acid in combination, and cherry gum in addition has some D-xylose and 
D-mannose. By controlled hydrolysis most of the pentose is removed with- 
out hydrolyzing the other constituents to any great extent. The L-arabi- 
nosc is then separated from the unhydrolyzed gum and calcium salts by 
extraction with hot ethyl alcohol and is obtained in a crystalline condition 
by evaporation oi the alcoholic extracts. Wheat and rye bran, pooch gum, 
Australian black wattle gum and beet pulp have been utilized for the 
preparation of arabinose. 

General Discussion. Although calcium chloride compounds of both the 
alpha and beta isomers have been crystallized/ 1 only one crystalline isomer 
of the sugar itseli is known, and this has been usually designated as the 
beta isomer, following the nomenclature of Hudson. The configuration 
for the carbons composing the pyranose ring of 0-L-arabinose is the same 
os for a-D-galoctose, as illustrated by the following formulas. 

11 P. A. Wells, J. J. Stubbs, L. B. Lockwood and E. T. Roe, Ind. Eng . Chem ., 40, 
1385 (10371 (see also p. 131). 

40 T. S Harding, Sugar, 2 4 , 656 (1922); E. Anderson and L. Sands, J. Am. Chem . 
Soc , 48, 3172 (1926); “Organic Syntheses”, Coll. Vol. J, p. 60; John Wiley & Sons, New 
York (1932). 

41 W. C. Austin and J. P. Walsh, J. Am. Chem. Soc., 66, 934 (1034); J. K. Dale, 
ibid , 66 , 932 (1034); IT. S Isbell and W. W. Pigman, J. Research Natl. Bur. Standards, 
18, 141 (1037). 
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H OH H OH OH H 

a D-Galaotow 0-i Arabinosc /J-u-ArabinoBc 


This correspondence of n-gulactobc to l- and not D-arabinose explains 
many apparent anomalies exhibited by arabinosc. Thus, the stable tri- 
aretylarabinosyl halides are known ns beta isomers in rontrast to most 
other flcetylglycosyl halides which are the alpha isomers. Similarly, the 
Koenigs-Knorr synthesis results in the formation of the a-arabinosides 
when the known halides are treated with alcohols and silver carbonate. 

n-Arabinose 

For identification, properties, etc., see those of the enautiomorphie 
L-arabinosc. The sugar is not fermentable. 

Occurrence. The sugar is encountered infrequently. Cathartic-acting gly- 
cosides (atoms) such as barbaloiu, isoborbaloin, nutaloin and homonat- 
aloin from plants of the genus Aloe (A. horbadensis ) yield D-nrabinose. 41 
The glycusidic union is very resistant to hydrolysis. The n-arabinose has 
also been reported as a constituent of tubercle bacilli. 

Preparation. 'Hie D-arabinose has the same configuration as the lower five 
carbon atoms of D-glurose. Therefore, any of the methods for removing 
carbon 1 from d-rIucosp leads to n-arabinose or a derivative. Probably 
the most convenient method is the oxidation of the easily obtained cal- 
cium gluconate by hydrogen peroxide and feme sulfate. 4 * 

The resolution of u, L-arabinosc into the component sugars is accomplished 
by fractional crystallization of the active menthylhydrazoncs. 1 1 

D-Ribose 

H H H 
I I I 

(HOlHjC-C - C-C- OHO 
I I I 
OH OH OH 

0 aUrhydo i> Hi how) (a n-Kibofuramwc) 

Properties, m.p., 87 °C.; [«]i = -23.1 -► -23.7 (H s O; c, 4; complex 
inutarotatiou). The L-isomer shows fa]® — +20.3 — * +20.7 
(H s O; c, 4). 

Identification. Benzylphenylhydrazone, p-bromophenylhydrasone. 

«M E. Ldgcr, Ann chm , [9] 8, 265 (1017); C. H. Hibson and J I.. Himonaen, J . 
C them Hoe., 553 (1930). 

«R Cl. Horkctt and C. 8 Hudson, J. Am. Chew five., 66, 1632 (1934). 

44 C. Neuberg, Brr., 36, 11M (1903). 
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Occurrence. u-Ribose ami 2-desoxy-D-ril)oee comprise tho carbohydrate 
constituents of nucleic acids, which are found in all plant and animal 
cells. The rilMmuclcic acids appear to occur in the cytoplasm and the des- 
oxyriboHe nucleic acids in the nucleus (Chapter IX). 

Preparation.**' " Although D-ribose may bo synthesized from n-arabinose 
by the alkaline rearrangement or the glycal synthesis, tlic best methods 
start with yeast nucleic acid. The method of Ijevenc and (lack which 
requires the action of ammonia at clevuted temperatures and pressures 
has been greatly improved by Phelps who uses magnesium oxide as the 
hydrolytic agent. The hydrolytic products, consisting of a mixture of 
nucleosides, are allowed to crystallise and guunosine (guanine Af -riboside) 
separates. The mother liquors are treated with picric acid and adenosine 
pirrntr (picric acid addition compound of adenine AT-riboside) crystallises. 
These nucleosides are hydrolyzed by acids, and after removal of the 
nglycou, the ribose crystallises from the mother liquor. 

A similar method is bust'd on the enzymic hydrolysis of the yeast nucleic 
acid.* 7 Kmulsins prepared from sweet almonds, alfalfa seeds and many 
sprouted seeds hydrolyze polynucleotides (nucleic acids) to the nucleo- 
sides. (iuunosine is produced almost quantitatively and adenosinn picrate 
is likewise' obtained in high yield. As in the earlier methods, the nucleo- 
sides are hydrolyzed by acids to give n-ribose. 

(Jnwral Dior morion. The universal occurrence of n-ribosc in all living cells 
should make this sugar of the greatest interest to biochemists and biologists. 
Not only is it a constituent of the nucleic acids blit uIho of several vitamins 
and coenzvmes (t'haptrr IX). This sugar and n-fruetose are also unique 
in appearing in natural pnxhiets as the furanosides. Solutions of ribose 
probubly contain considerable quantities of the furanose form, and the 
inut it rotation is complex and exhihits a minimum."' 

n-Xylose 

S OH H 
I I I 

(HO)H,C - C - C - C - GHO 
I I I 
OH S OH 

[Qhhhydu-H \ylimo) (a i> Xylnpyraiiont 1 ) 

Synonyms. Wot si sugar; in earlier literature /-xylose. 

'* F. J. Htilew mul A saw ia tew, 11 Pol ari nie try, Kaucha rime try anil Uu* Kugurh M , 
Circular ('140 of the National Bureau of titandurilH, Washington, D. C. (11142). 

“ P. A. Lcvenr anil IS. P. (lark, J . Biol. Chem J5, ID (JD21); F. P. Phelps, V. 
Patent 2,162,662; L. Laufcr and J. Charney, IT. R. Patent 2,3711,013, July 10, 1045 

17 11. Brcricrerk, M Ktillmig and E. Berger, Her ., 73, 1)56 (1040). 

»■ F. P. Phelps, IT. S Mirll and W. W. Pigman, J. Am. Chem. Soc ., 55, 747 (1031), 
II. S IhIm' 11 and W W. Pigman, J. Research Natl. Bur. Mandardt, /6, 141 (1037). 




OCCURRENCE, PROPERTIES, SYNTHESIS AND ANALYSIS 


10S 


Properties, m.p., 146°(V, [a]? * +m\ -♦ + JK.S (H,(>; c, 4). 

Not ferment able by ordinary yeasts. 

Identification . Cadmium bromide 1 double salt of cadmium xylemate ((VI- 
(CiHiC^Ji'fMBrj^IljO) is formed by the' bromine oxidation erf xylose hi 
tile presence of nulmium carbonate'; phenylosasone ; the' hydrazones are 
more soluble than those from L-arabinose ; monohcuzylidene dimethyl 
acetal. 

Oreurmiee. Polysaccharide's containing xylose 1 frequently accompany cel- 
lulose in plants and arc constituents of the hemicellulosc fmetion. Many 
plant gums and several disaccharides from glycosides yield n-xvlosc on 
hydrolysis. 

Preparation . u 4i> The sugar is prepared Jrom ceirn cobs (01 many other 
woody materials) by boiling 'with acids, fermenting out the glucose* with 
yeasts and crystallizing the D-xylose from the evaporated solution. 

<J( rural Disn/iteion. The presence of combined n-xylose in considerable 
quantities in many iin]iortant agricultural wastes has stimulated interest 
in this sugar and its preparation, ("oil on seed hulls, pcTiui shells, corn 
cobs and straw' have ta'cn imestigated as souire* of the sugar, and several 
large-scale preparations 80 81 have l>een carried mil. The* sugar crystallizes 
fairly easily and could lie ma.de cheaply, but insufficient u*os have lieen 
developed to make the manufacture oJ the sugar of commercial interest. 
Since it is not fe*nnen table- by orelinarv yeast* or utilizablc by many ani- 
mals, the value erf the sugar i* considerably limited. Sheep are* able to make' 
use of 94 to 100 fxir cent ol ingested xylose although hogs eliminate 30 
per ce»nt in the* urine. The assimilation is greater when the sugar is feel 
along with large amounts ol othcT materials. 81 This pcnluse is rutainctn- 
genic to young rats when fed in large quantities (sec* under D-ftalActose). 
Many bacteria and certain yeasts an* able to ferment the sugar with the 
formation of important substances, lactic and acetic acids in yield ot K5 
to 9(i per cent are formed 52 by the action ot certain LacktKicilli on d- 
xvlose. Tornla and Monilia yeasts grow well on hydrolyzed straw and corn 
rolw and provide a good cattle feed. 81 

L-Xylulose 

OH H 

i i 

(110)11- C 0- O - V- CH,(OHt 

I I II 

II Oil 0 

'*T. S. Hurtling, Sugui, IS, 121 (11123); l\ H. Hudson mill T S llnriliiifL, .1 Im. 
(’Arm Hoc , 40, 1001 (1018), K P. Monroe, ibid , 41, 1002 (1010) 

"W T Schrrilii-i . \ V drill. B Win«firlil anil S F \rrrr, l nil Knq t’hrm , {!, 
•107 (1930) 

il N. A. SyLthev, tJompt tend acad.nri I’.S.H 11., 20, 384 (1940i 
“M. Iwauki, J. Apr. Chem. Soc Japan, 18 , 148 (1040). 
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Synonyms. L-Xyloketose, L-lyxokotose, L-Z/wco-ketopentosc, urine pentose, 
d-xylulose (incorrect). 

Properties, [a]" = +33.1 (H s O; c, 2); amorphous. 

Identification. Phenylosazone, p-bromophenylhydrazone . 

Occurrence. In urine of many coses of pentosuria. 

General Discussion. The occasional presence of pentoses in urine was 
known for a considerable time before the identification of the sugar as 
L-xylulosc by Levenr and LaForgc.** The precursor of the pentose is 
believed to be n-glueuronic acid since administration of thiB substance 
induces the appearance of L-xylulosc in the urine. 14 Rats exhibit a signifi- 
cant increase of liver glycogen when fed D-xylulosc but not when fed the 
natural L-xylulose. The natural isomer is partially utilised by dogs, how- 
ever.® 

This pentose is synthesised® by boiling L-xylosc with pyridine, condens- 
ing the reaction products with acetone and fractionally distilling the mix- 
ture of isopropylidenexylose, lyxose and xylulose. The monoisopropyli- 
dcne-L-xylulose crystallizes easily and is converted to the sugar by acid 
hydrolysis. ThiB ketopentose is not capable of forming pyranosr deriva- 
tives. 

c. Methyloses 
(Methyu'ijntoses) 

6-Desoxy-D-glucose 

H H OH H 
I I I I 

h.g-g-c-c-g- GHO 
I I I I 
OH OH H OH 

(afrfoAj/rfo-6-DcHoxy-D-glu('OH<‘) 

Synonyms. D-Glucomcthylosc, D-isorhumnose, isorhoilnose, D-epirhamnose, 
quinovosc (chinovosc). 

Properties. m.p., 139-140°C.; [a]? = 4 73.3 -» +29.7 (1I 5 0; c, 8). 
Identification. Phenylosazone, p-bromopheuylosazone, 5-methylfurfurul. 
Occuircncc and Preparation. 1 '' The bark of many species of Cinchona con- 

11 P. A. Levm* and F. B. LuForgr, J. Biol. Chem., 18, (11114) ; I. (irmiwald, 

ibid., 88, 1 (1930). 

81 M. Enklpwitz and M. Lasker, J. Biol. Chvm., 110 , 443 (1035). 

11 II. W. Larson, N. H. Illalherwirk, P. J. Bradshaw and 8. 1). Sawyer, J. Biol . 
Chem., 117, 71!) (1937); II. W. Larson, W. H. Chambers, N. It. Hlatlimvick, M. E. 
Ewing and 8. D. Sawyer, ibid., 189, 701 (1039). 

“ L. v. Vargha, Ber ., 68, 18 (1035). 

87 C. Liebermann and F. (iiesel, Ber., 16 , 935 (1883) ; E. Fiselior and C. Lieliermann, 
Ber., 86, 2415 (1893); K. Frcudenbcrg, Ber., 68, 373 (1929). 
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tains a glycoside (quinovin or chinovin) which is extracted with the 
quinine alkaloids. Upon treatment with alcoholic hydrogen chloride, the 
ethyl 6-desoxyglucoside is obtained. Convolvulin is a mixture of glyco- 
sides, one of which yields 6-desoxyglueosc on hydrolysis 111 (see under d- 
Fueose) as does purginir acid. 


L-Fucose 


OH H N OH 
I I I I 

H.C-C-C-C-C -CHO 
I I I I 
H OH OH H 

(ahlihiido L-Fucose) 

Synonyms . L-Oalactomethylose, L-rhodnose, (i-desoxy-L-galactose. 
Properties. a-hoiner; m.p., 145°C\; fa]? = — 152.0— ► —75.9 (IIiO;c,4). 
Not iermentable. 

Identification. p-BromophenyUiydrazoue, phenylhydrasone, a-methyl- 
phenylhyrlrnzonr, 5-methylfurfurul. 

Occurrence. The sugar is found as a constituent of the cell walls of marine 
algae (sea need) and ol a few gums. 

Preparation.^- ° Sea weed ( Fucvs species or AscophyUvm nodosum) is 
hydrolys'd by acids and the neutralis'd hydrolysate iermented by galac- 
tose-acclimatized yeasts. The solution after evaporation is extracted with 
alcohol ; after removal of the alcohol, the extracted material is converted 
to the difficultly soluble phenylliydrazono. Thp hydrazine groups are then 
removed by reaction uith lienzaldehyde and the sugar is crystallized from 
the liquid. The lermentation removes the mannose and galactose which 
often accompany the L-lucose in sea need'-. The mannose is particularly 
objectionable since it also form 1 , a difficultly soluble phenylhydrasone. 

n-Fucose 

For formula, identification and properties sec the cnantiomorphous L- 
Fncusp. 

Synonyms. O-Desoxy-n-galactose, n-galactomethylose, rhodeose. 
Ocnirrcvcr and Preparation . M ThU ><ugar is iK'casionally found in the hy- 
drolytic products of glycosides. The roots of certain Mouth and Central 

" K Votocok, He, , 45. 476 (1410) 

«K P Clark, J Biol Chun ,64,65 (1922), It C llockett.F P. Phelps and C H 
Hudson, J Am Chrm Hoc , «, 1668 (1030) 

“E Votnrck uml F Valentin, Colli chon Czeehoslm- Ctum Comm, 1, 46,606 
(1924); F B PnuenuuIJI ltogciMin, J Chrm Soe,101 , 1 (1912); L A Davies and 
It Adams, J Im Chun Six . SO, 1710 (102ft), C Mannirh and P Schumann, Arch 
Pham , I7B. 2) J (143hj 


H 
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camoBTBT or thb cabbohydbatss 


American plants (Convohmlaceae), used as purgatives, give resins of a 
glycosidic nature. Jalap resin (cunvolvulin) add Scammonium or Tampico- 
jalap (jalapin) are obtained from Tubera jalapae and Ipomoea orizabe now, 
respectively. Jalapin yields glucose, rliamnose, D-fucose and (dextro) 
11-hydroxyliexadecnnoic acid on hydrolysis. Cunvolvulin on the other 
hand gives among other products, 3 , 1 2-dihydroxyhe\adecanoic acid, 
glucose, rhamnoHP and the (i-dcHoxyglucose rather than n-fucose. 

L-Rhamnose 


OH OH H H 
I I I I 

H.G-G-C-C-C- CHO 
I I I I 
H H OH OH 

tatriehyilo i. Khanunwi (a i IthumiinpyriinoHri 

Synonym*. L-Muniinmcthylose, CMlcsoxy-L-inunnose, "isodulcit " 
Properties. «- Isomer (mmiohydmle), m.p., 93-9t“(\; fa]? - — 8.(i * 

+8.2 (II s O;c, i). 

d-Isomcr; m.p., 123-12ft n (J.; |a]“ = +38.1 » +8.9 (II*<». 
Not fermentable by yeaHts. 

Identification. 0-Naphthylhydrazone, p-ni t rophenylhyi I mzone , p-tolyl- 
hydrazone, phenylhydrazone, plienylosuzone, 5-methylfurfural. 
Occurrence." The sugar is a frequent constituent of glycosides wliich pro- 
vide its best source. It may occur 4 * in the free state in the leaves and blos- 
soms of the poison ivy, Rhus toxicodendron L. Some polysaccharides ol 
gums and mucilages contain L-rhamnose. 

Preparation.**' 46 “Lemon flavin,” a khaki dyestuff obtained from the 
bark of an oak species (Qucrcus linctoria, Mich.), provides an excellent 
source of tho Hugar. The lemon flavin is hydrolyzed by boiling it with acids, 
and, otter neutralization of the solution and treatment with a considerable 
quantity of decolorizing carbon, the sugar crystallizes from the evaporated 
solution. 

The glycoHide uuringiii, prepared uusily from grapefruit calming wastes, 
has also Iwen suggested us a source of L-rhamnose. 1 " 

The main constituent of the “lemon flavin” is tlic rhunuioside querrilrin. 
This glycoside yields after hydrolysis the aglycon (quercetin) and l- 
rhamnose. Querritrin, a flavanol glycoside, has the lollowing structure. 1 * 

11 See: Cl. Lirberuiaiui and 0. Jidnnaun, .Inn., 10ft, 21HI (1K7U) 

M H. F. Acree and W. A. Kyme, Am. Chem. J., SO, 30D (1900). 

« T. 8. 1 larding, tinyar, 16, 23, 82 (1923) ; 0. F. Walton, J Am Chem Sur., 48, 127 
(1921) 

M Cl. N. Pulley and 11 W. von Loeaevke, J. Am Chem. Sot , 01. 176 (1989). 

11 See: Cl. F Attree and A. 0. Perkin, J. Chem. Soc., 234 (1927). 
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General Discussion. The sugar in known in both a- and /9-forms. Under 
ordinary conditions, the ar-L-rhamnoRc ■ HjO crystallizes. Anhydrous ace- 
tone solutions seeded with crystals of the lietu isomer, crystallize giving 
/3-ii-rhamnose (anhydrous). Seed crystals of the lieta isomer are obtained 
by melting the rhamnose hydrate and allowing the mell to crystallize ut 
high tem)ieniturPH. A molecular compound, /3-rhamnose •a-rhamnuso, is 
reported.®’ 

d. Hkptoheh 

u-Mannobeptulose 
11 II on OH 

, I I I I 

(HO)lM'--C C V C~ (' -OH.IOH) 

I I I I II 

Oil OH II II O 

Synonym *. D-Muuuoke.t oheptose. 

Properties, in.p., 152 D C.; [«]? - 4*211.0 (H 2 0). Mot lernientahlc. 
Identification . p-Hromophenylhydrazone, phenylosazone. 

Occurrence. The sugar is found free accompanied by the corresponding 
alcohol, pprseilol, in the nvnrndo or alligator pear [Pi rm-a yratimma). 
Preparation . a (Sround avocados me extracted with water and the extracts 
evaporated 1 o u thick sirup from w hirh 1 he sugar and persrit ol me extracted 
with alcohol. The process nuiy lie repealed several times. The persritol 
crystallizes from the alcoholic solution and the n-maunoheptulosc is sepa- 
rated as the p-hroinplieiiylhydraznnc which is converted to the sugar by 
treatment with benzaldehyde. When crystals arc once Available, the sugar 
may be crystallized directly from the extracts. 

General Discussion. Studies of the physiological availability of the sugar 
exhibit an interesting species difference. Rabbits can utilize n-manuohep- 
tulosc but rats cannot. The related aldoheptose ix-mannoliept one is uot 
utilized by either species." 

A number of derivatives of the sugar have been prepared." 

" K. L. Jackson and G. S. Hudson, J. Am. Chem. Soe., 59, 1076 (1037); E Fischer, 
Rtr., 98, 1162 (IMS); T. Purdir and C. It. Young, J. Chem. Soe.. 89, 1104 (1006) 

" F. B. LaForgc, J. Biol. Chem., 88 , 617 (1016). 

•• J. II. Hoc and G H. Hudson, J. Biol Chem., 19/, 37 (1037) 

" E. M. Montgomery and G> 8. Hudson, J dm Chem. Soc , 01, 1664 (1930) 
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The constitution of the sugar was shown by conversion to an aeasane 
which is identical with that obtained from the oldoheptoses produced 
from mannose by the cyanohydrin synthesis. 

Sedoheptulose 

H H H Oil 

I I I I 

(HO)HjC — C C C O— O--CH,l0H) 

I I I I II 

OH OH OH H O 

Synonyms. n-Altroheptulonr ; possibly identical with volcmosr and volem- 
ulose. 

Properties. Amorphous ; [a] D = +2 to 3 (Il a O ; p, 10). Not fermentable 
by yeasts. 

Identification. Phcnylosazonc, p-bromophcnylosazonc, formation of sedo- 
heptulohon on treatment with acids. 

Occurrence. Found originally in Sedum spictabiie, Hot., a common, her- 
baceous, perennial plant used for decorative purposes. 7 ® The presence of 
the free sugar in other Sedum species has also been nuted 71 
Preparation . n > 7# The sugar is extracted by water from ground Sedum 
leaves and stems and the extracts am evaporated to a thick sirup. The 
sedoheptose is extracted by alcohol which is removed by evaporation. An 
aqueous solution of the sirup is purified with lead orctate. Alter removal 
of the excess lead by precipitation with hydrogen sullide, a crude solution 
of the sugar is obtained. 

General Discussion. Sedoheptulose has a pyranose ling of the n-altrose 
type, t.c., the hydrogen atom ol caibou 1 of n-altrose may lx 1 considered 
to be replaced by a CHjOli group, and is the sole knowm representative 
of the altrose type which is found in nature (see Digitoxose, however). 
In agreement with the similar property of n-altrose, it k converted in acid 
solution to an anhydro derivative, sedoheptulosan. The available evi- 
dence 7 ® indicates that the anhydro derivative has the unique structure of 
2,3-anhydro-sedoheptuloheptanosc with 2,3 and 2,6 rings. 

The sugar has been suggested as a source for n-altrose and n-ribose 
since it is easily oxidized by oxygen in alkaline solution to n-oltronic acid; 
calcium altronatc is oxidized by hydrogen peroxide and ferric acetate to 
n-riboee. These reactions also provide proof for the assignment of the 
n-altrose configuration to Ihe sugar. 71 

71 F B. LaForge and C. S. Hudson, J . Biol Che m , SO, 61 (1017). 

71 M. Proner, Bull. ici. phurmacol , 4S, 7 (1030) 

71 N. K. Uichtmycr, R M llann and (' H Hudson, J. Am. Chim Roe , 01, 343 
(1030). 

71 C. S. Hudson, J. Am. Chem. Soc., 00, 1241 (1938). 
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2. Synthetic Sugars 

A. Complete Synthesis of the Sugars. The total synthesis of glucose, 
fructose and mannose from “coal, air and water” has been achieved, 
l>ut as practical methods the processes cannot compete with the biochemi- 
cal production of sugary by plants from carbon dioxide and water. The 
principal difficulty in the chemical synthesis is the separation of the great 
number of isomers which are formed when inactive substances are con- 
densed by inactive agents. In the biological synthesis, the catalytic agents 
are enaymes which, os asymmetric agents, guide the reactions in rertain 
directions so that only certain isomers are formed. The over-all reaction 
may be represented : 

ero, + 6HjO 60, + UHwOt - 673,000 ml. 

According to the theory of von Baeyer, the 1 photosynthesis of carbohy- 
drates in plants may take place through the intermediate formation of 
formaldehyde. It is of interest then that formaldehyde condenses in the 
presence of weak bases to form a complex mixture of sugars called formnse 
or metliosp. 7 * 

0 O 0 O O 

II II II II II 

f II— (' + H— C ■+ H— 0 + II— t* + II -C 

1 I I I I 

H II 11 H H 

(Founaldohydc) 

Oil Oil 
I I 

r - c 

i i 

H H 

(IIueospr) 

Although often termed un aldol condensation, the above reaction differs 
from the true aldol condensation which lakes place between the carbonyl 
group of one molecule and an a-hydrogen of another molecule. The reac- 
tion does not take place us indicated above but instead proceeds through 
the various possible intermediates: glycolaldehyde, glyceraldehyde and 
dihydroxyacetane. Ketohexoses are formed by the combination of glycer- 
aldehyde and dihydroxyaoetone, and ketopentoses from glycolaldehyde 
and dihydroxyaoetone . Ts For the lower sugars, the direct synthesis from 

« A. Butlcrow, Ana., 190 , 296 (1861); 0. Loew, J. prakt. Chem., [2] 63, 321 (1886) 

11 U. and A. Euler, Set., 80, 46 (1906); L. Orthner and E. Gerisch, Biochem. X., 
tea, 30 (1933). 
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iorinaldehydc may he the best method of preparation because the numlier 
of isomers is not so great as uhcn the carbon rhains am longer 7b 
Formose (and similar products obtained by tlie condensation of acrolein 
dibromide ami of glyceraldehyde under the influence of dilute alkali) u hen 
treated with phenylhydrazine gives two crystalline osazones in yields of 

Fischer's Complete Nynthesis ol He\ose Sugars 
a-Acrose If mm formaldehyde, glycoi aldehyde or Acrolein dibiomidri 

|c*HiNHNH 4 

u, L (ilucosa/one (a phrnylariob&zouej 
jo DM HCL 

DiL-GlueoHone ( a aeroHonej 


in, 110 Ac 


u L-Frurtune 


termentatiOD with yeast, 


L-Fructose 


Na II g f i eduction; 


n,L Mannitol 


d,l Mannose II manuobc made from ■ aiulnimse) 


HNO< oxidation, purification through phenyl In druroiu 


n.ii Mannose 


lennantstion with \ e 


l Mannose 


Hnondation 


i) , l.-Mannonic arid 


Separated bv fractional orvetalluafaon of etryahnnie Balia 


D-Maniiouic arid 


1 Mauiionu hi nl 


at with iiuinrjline 


D-Oluoonic acid 


Na llg (reduction) 


d -G lucose 


CaHiNHNHi 


n-Gluoobazonr 


d-GIucosoup 


d -F ructose 


» K. J. Lorand, U. S. Patent 2,272,378, Feb. 10 f 1042 
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about 13 par cent. 77 ' 78 The two oaaaonee were given the nama a-acrosaaone 
and 0-acroeazone; the corresponding sugar components are a-acrose and 
/S-acroee. The conBtilutioii of tltesr products was demonstrated in an out- 
standing series of researches by Fischer and Tafel 79 which also led to the 
complete synthesis of n-glucose, n-mannose and D-fructose. (See page 112.) 

From this evidence, particularly the identification of the D.L-mannitol 
from natural sources with that from the a-arrnsasone, the a-aerose may 
lie any (or all) of the three n,irsugaiv which yields the u , i^glucosazono : 
glucose, mannose and fructose. The 0-acrosasone has been shown to be 
D,iH3oi , busa»)ne which would be produced from gulose and idose as well 
as sorbose. 7 " *' Considerations of the mechanism of the reaction indicate 
that only the ketoses can result from the reactions of the glyeeraldehyde 
and of the acrolein dibromide, and the resistance of formose to bromine 
oxidation supports this view. The condensations of these products aw 
undoubtedly ahlol condensations which take, place between the carbonyl 
groups and hydrogen atoms adjacent to carbonyl groups. If tw r o molecules 
of glyreralrieliyde reacted in thin fashion the product would have a 
branched chain und not a straight chain. 81 However, in alkaline solution 
glyeeraldehyde is in equilibrium with dihydroxyocetone, and these sub- 
stances could condense to lorm ketoses. The similar behavior of the acro- 
lein dibromidc is ascribed to the formation of glyeeraldehyde by substitu- 
tion of the bromine ntoms by hydroxyl groups. The probable reaction is 
represented by the following equation: 





OH a OH 

| 

CJHiOll 

1 




1 

0=0 

1 

0=0 

1 

HC=0 

HO=0 

HiTOH 

1 

OH* OH 

CHOH 

1 

1 on 

Iff'- Hi 
| 

1 OH 

CHOH 

1 

1 

C—O 

| 

nro 

OH A 1 

-*■ ctioh 

1 

HiC — Hr 

ftOOH 

1 

HiCOH 

HCOII 

1 

| 

CHOH 




HpCOH 

CH,OH 

Acrolein 
di bromide 

i*, L-Cvlycer- 
aldehyde 

Di hydroxy 
Aoetonr 


Kntohexoac 


This mechanism is substantiated by the direct isolation from the acrose 


77 E. Fiarher and J. Tafel, Ber. , to, 2666 (1887). 

7 « W. Kilster and F. Schnder, X. phyeiol. Chen., HI, 110 (1B24). 

71 See summary by E. Fischer, Her., IS, 2114 (1800). 

•• R Schmitt, Her., 40, 2327 (1013). 

»» This may be an explanation of the 1 urination of the few natural liranrhed-cluun 
sugars: apiotte and hamameluse. 
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mixture of D,L-sorbose."° Of the four possible kctohexoses which should 
be formed since no asymmetric reagents are involved, two have been identi- 
fied as a-acrose (D,L-fructose) and 0-acrose (n l L-sorbose). The other 
isomers are undoubtedly to be found in the condensation products along 
with many other substances. 

The number of isomers formed may be greatly reduced by utilizing the 
optically active D-glyceraldchyde and dihydroxyacetone. When these 
substances are condensed by 0.01 AJ barium hydroxide solution, a mixture 
of D-fructose and D-sorbose is obtained. 82 The other two possiblo koto- 
hexoses (n-tagatose and n-psicose) are not formed in detectable quantities. 
The asymmetric synthesis favors the formation of frarw hydroxyl groups 
for the two new asymmetric centers (carbons 3 and 4). Branched-chain 
sugars am formed under these conditions from 2,3-isopropylidene-D- 
glyceraldchyde. 


11, con 

1 


11:0011 

| 

HjCOH 

1 

0=0 

1 

(Dihydrnxyarrtune) 

1 

C= 0 

1 

1 

C=0 

1 

HjCOH 


1 

HOCH 

1 

HCOH 


_0H 

1 

+ | 

HC=0 

| 


HCOH 

| 

HOCH 

1 

HCOH 

| 

(D-Olyreraldehydr) 

1 

HCOH 

1 

HCOH 

1 

1I.C01I 


| 

UiCOH 

1 

H a COH 



n -Fructose 

p -Sorbose 


The employment of an asymmetric catalyst (enzyme) directs the course 
of the reaction so that still fewer isomers am formed. Thus, D-glyceraldc- 
hyde and the dihydroxyacetone I -phosphate condense in the presence of 
an enzyme, uldolase from yeast and muscle extracts, giving o-fructose l- 
phosphatc as the sole reaction product. 8-1 Fermentable sugars am also 
formed directly from dihydroxyacetone by liver enzymes, but some non- 
lerment able as well as fermentable sugar is obtained from r-glyccraldc- 
hyde. The fermentable sugar is probably glucose and the nonfermentable 
ketose sorbose. 84 

Partially methylated sugars may lie prepared from the corresponding 
methylated polymerizing substances. Thus, methoxyacet aldehyde, pre- 

M H. 0. L Fisrher and K Haer, Hdv. Chim. Aria , 19 , 519 (1936). 

M 0. Meyerhof, K. Lohmann and P. SrhuRter, Biochem. IJW, 319 (1936). 

81 Sec: H. Imanaza, JhorJbem. Z. } 294 , 342 (1937). 
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pared by chromic acid oxidation of methoxyethanol, polymerises in the 
presence of potassium carbonate to 2 , 4-dimethylaldoteti ose "* 

2CH1 OCH, — cho k, 52l_» ch.och,— oh(oh)— ch(och,)— cno 

Direct chemical syntheses of the n,L-aldotetioses (n.L-thjcose and d,l- 
erythrosc) have been devised Ub The syntheses are outlined below: 

a) d,l Threoae 

CH.C 1 Cn(OH) CH.C1 K i2L_» OH, Cl (’ 11 ( 011 ) OH. (’N r , H ^ 

0,3-Dichloro 2 propanol) 

CIICl OH (OH) CH OOOC.H cn.oi On— CH OOOC II, qjj° —* 

011,01 CH=OH (’0011 OH, 01 CII(OH) OH(OII) COOH 

liotawamHalt h “ t _» Oil OH (Oil) OH(OIII 00 NH J_, 

(d, l Threonir lactone) 

(IIO)HO (’H(Oil) (’111 OH) OONII. (nOeii/oato^-* 

(BzO)H.O OHfOBz) 00 (OB/) OOOU 000 !*-, 

(Bi0)H,0 011(08?) CH(OB/) C0C1 ™ H *_» 

(Bj0)H,0 OH(OIIb) 0H(0B/1 OHO OH - -, (HO)H 0 OH(OII) OH(OH) OHO 

(d,l Threogp, sirup; 

A bettoi proceduic loi the preparation oi ethyl 4-chlorociotunate begins 
with allyl alcohol rnthei than 1 , 3-dichloi o-2-pi opannl 


b) u ,i-Ery throat 

OH,— OH OH, OH CU hci N),-> OU.—C H (’ll. ON US - * 

OH —Oil OH. OOOH H 0 OHfOH) OH, 


i 




I I () — I 

11,0-011— OH 00 II 0 -OH(OII) -OlHOHl-OO 

i>,l hrythronu lactone 

■•‘0 D limit and J L 4bornethy, J Am Chrm 8m ,03 l%fi (1941) 

“MV W Ijakc and J W E OUttfeld, J 4 m ('him Sot , 80, 100J (1W), J W 
L (Jlattfeld and B D hrihbcn, i bid 01, 1721 (1989), 0 Braun, tbtd , St, 1187 
8178 (1980), 54, 1133 (1932) 
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The D,irerythronir lactone was converted to the potassium Halt which 
was acetylaled. The acetyl derivative was treated with HOCli, the acid 
chloride was reduces l catalytically to the ncetylated sugar Finally, n, n- 
erythrose (wimpy) was ohlained liy alkaline deacetylation ol the dincetatp 

Allitol lias lx*en synthesized by hydroxylation ol the meso Torn ot di- 
vinylglycol, picparrd in turn from uciolcin (( 'Hj=(’H (’HO) 1-1 Didcitol 
and D,L-niftnnitol were obtained in u similai mnnuer 

B. Methods for Lengthening the Carbon Chain of the Sugars. To lx> 

important, methods lor increasing the length ot the carbon chain ot the 
sugars must add a (TIOH rntlicr than a OHj group. The well-known ad- 
dition ot hydrocyanic arid to ordinaiy aldehydes and ketones and giving 
cyanohydrins fulfills this condition. The cyanohydrins an* hvdrolvzi d to 

OH OH II 

I 01 I I 

It- CIIO + HON -» H -0- ON — — . H 0- COOU + H 0 CHOII 

I I I 

H II OH 

Cyanohydrin 

the a-hydroxyacids. The original procedure devised by Kiliani* lor apply- 
ing this reaction to the sugars involved the reaction of the sugar with an 
aqueous nolution ot hydrocyanic arid in the presence ol a little ammonia 
This has tieeu gieall) simplified and improved by adding the sugai to n 
solution of sodium cyanide and calcnuu chloride." 7 The cyanohydrins air 
hydrolyzed by heating with lime or Imrium hydroxide, and when the 1 solu 
tiou is rool, basic salts ol the aldonir acid calcium ot barium salts crystal- 
lize. These may lx* converted to the corresponding normal calcium salts 
by treatment with carbon dioxide and to the free acids by sulfuric acid. 

Inasmuch os a new asymmetric center is created, two lsomcis arc tunned, 
hut since the original substance is optically active, the amounts ot the two 
isomers will usiinllv not lie equal (asymmetric -vnthesis ) The propoitions 
v ary liom alxiiit equal amounts to almost entirely one isomer toi the prod- 
uct obtained bj the Kiliani synthesis irom mannose The generalization 
has been made"'* that the product formed in largest quantity by the cyano- 
hydrin synthesis has a tram configuratiou for carbons 2 and 4, but it seem- 

k '' Hee ]< Lespicau, Advance* m Cwbohi/drali Chun , 2 107 (l l J46); .1 Wii-nfmiin 
t iiw (Aon ,[U]6,316 (1030) 

"*n Kiliani, Btr , 10, 3033 (1886). 

* C S Hudson, 0 Hartley and C. 11 PurvpH, J Am Chun tint ,66,1218(1934; 

•"J (i Moltliy, ,/ Chan Hoc., 1404 (1923); 1629 (1026), 2769 (1929 1, It M liana 
1 T. Menill and V H Hudson, J Am (’hern Hoc 08, 1912 (l l )4IJ, C H Hudson 
Advance* in Carbohydiaie Chan., 1, 26 ( 1946 ). 
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likely that the proportions obtained will depend on tlw conditions of the 
reaction. 

The (wo acids produced an 1 separated by fractional crystallisation of the 
metallic or slkaloidal salts, thi* phenylhydrasides, amides, double salts, 
benzylidenc derivatives, etc. The free acid is then formed and converted 
to the lactone by heating with dilute acids. The lactone finally is reduced 
to the sugar by sodium amalgam at 0°C. in slightly acid solution. When 
conducted in alkaline solutions, the reductions proceed further to the al- 
cohols. It is of interest tiint the lactones, but not the aldonic acids, are 
reduced bv this treatment. This reduction process though tedious has been 
and remains of great importance, for it was developed by Fischer in his 
classical work which established the stereochemical formulas of the sugars 
(sec p. 27). Reduction to the sugars may also lie accomplished by the 
catalytic hydrogenation of the aeetylnted aldonic acid chlorides or thin 
esters.*’ (Srrabop. 399.) 

The cyanohydrin synthesis is illustrated by the preparation of the hep- 
toseH from mannose.* 0 
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Hy ilin'ct crystallisation of the calcium salts one isomer is obtained in fairly purr 
term The mother liquors which contain both isomcis are converted to the flee 
neiils by trciitment with sulfuric acid anil finally to the lead suits by neulralua 
tion of the acids with lead o\ide. Fractional nyslnllisiitinn of tlieac Icoil salts 
leuds to separation of the two isomers. These lire lonveiteil to the lactones. 
(1, II), which in turn arc reduced to Ihe sugars fill, IV) hy sodium amalgam in 
slightly arid solution. 

" K W. ( took anil H. T. Major, J.Am.t 'hem. Hoe , 80, 2*10 (JIWO), J. W. E (ilalt- 
Icld and H I) Kribbeu, ibid., 01 , 1720 0 930) ; M. L. Wolfrom and J. V. Kitrahinos, 
ibid., OS, 1 156 (1040). 

" II K Isbell, J Rrtrareh Nall. Bur. ft lamia, da, to, 07 (1088). 
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The cyanohydrin synthesis should make it possible to go from the simpl- 
est member of the sugar series, such as glyceraldehyde, to all of the higher 
sugars although it has not been carried through the tetrose stage. Synthetic 
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sugars with as many ns ten curiums in u straight chain n-glucodecose) 
have been prepared from the hexoses by this method.' 1 

The reaction of the aryl chlorides, or of the open-chain lrec-aldehyde and 
ketone derivatives of the sugars, with dinaomethone provides another 
method for the addition of a carbon atom. w The frcc-aldehydp group 
reacts to form methylkctones (1-desoxyketoscs). 

o 

It - f!HO H — C — GHj + N. 


The aey] halides yield diazomethyl ketones which on hydrolysis give the 
hydroxymethyl ketones and on acetolysis, the corresponding acetyl de- 
rivatives. 11 * Thus, D-erythmlose is formed by the hydrolysis of the diazoke- 
tone formed from isopropylidene-n-glyreryl chloride and diazomethane. 
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flI L H Philippe, Ami chvn phy a , |S| M6 , 393 (1912). 

•* P. Brig], 11. Muhlschlegel and 11. Srhinle, Her., 64, 2921 (1931); M. L. Wolfrnm, 
I) I. Weisblat, W H Zuphy and S W Waiabrot, J. Am . Cheat. 8oc„ 63, 201 (1941). 

11 K. Iwadare, Ball Chem 8or Japan, 14, 131 (1939) See also: M. L Wolfram, 
H. L. Bruau and E. F Evans, J. Am Chem Sue , 66, 1021 0943); K. (latzi and T 
Kcirhetein, Helv Chim. Acta, Ml, 180 (1938). 
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By the action of Urignard reagents on suitably blocked esters or wmiUr 
derivatives of the sugar acids, alkyl or aryl groups may he added to the 
sugars with the formation of carbon-carbon bonds.* 4 *' 1 ’ 
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2-frc to gluconic arid 

Aldehydo derivatives of the nugaru in which the hydroxyls are blocked 
react with the Grignard reagent to give C-sulwtitutpd glykitola. Wh p 

H II 
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HCO HOOMrX HCOH 

HCOR' K1I * X — + IICOR' HHH -’ HOOR' 

I I I 

ryrlnhpxvl, phenyl, ac-naphthyl) 

The same type ol derivative is made by the reaction ot glyeoHyl halides 
with the Grignard reagent. ,4li If acetyl groups an* present, the carbonyl 
of llie acetate groups mart with the reagent, and sufficient reagent must 
be used to mart with all of the acetyl groups as well as the hrmiacetal 
halide group. 

Identical derivatives are made by application of the Friedel-Crafts 
reaction, but by this method it is possible to proceed farther and add two 
hydrocarbon radicals to the carbon rhain of the glyeosyl halides. Thus, 
Hunl and Bonner** found that aluminum chloride catalyses a reaction 
Itetweeu tetraacctyl-a-glucosyl rhloridr and lienaene to yield 2 ,3,4,8- 
tetraaeptyl-l-phenyl-I-desoxy-D-glucose (I)and2,3,4,5,6-pentaacetyl-l ,1- 
diphenyl-l-desoxy-n-sorbitol (II). Tliis represents a new application of 
the Friedel-Crafts reaction and involves glucusylation (by the tetiaaoetyl- 
a-glucosyl chloride) of the aromatic nucleus. Because of the cleavage of 

*<• O. Pad, Brr , 49, 16*3 (1916); H. Ohle tl al., Ann., 491, 233, 266 (1930); 498, 
1 (1931). 

•<*> K. Oatii and T. Rci chut pin, Helv. Chim Aria, 91 , 914 (1038). 

** r J. English, Jr , and P. H. (triswald, Jr., J . ini Chrm. Soe., 87, 2030 (1945). 

" 4 C. U. Hurd and W. A. Bonner, J. Am. Chim. Soe , 87, 1972 (1946). 

*“ C. D. Hurd and W. A. Bonner, J Am. Chrm. Soe., 87, 1664, 1769, 1977 (1946). 
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the eater groups and subsequent formation of acetophenone, more than 
catalytic quantities of aluminum chloride are needed. The amount of 
catalyst present influences the composition of the. reuction products; 
five moles favor the formation of the mouosubstituted produet while 
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eight mules ol‘ aluminum chlorides enhance the yield ot the ^substituted 
product. This reaction wus further extended to toluene, Irom which the 
dibuhstituted product was the only pure compound isolated. 

F rhe monosubstituted derivative (I) yields the disubstitulcd derivative 
(II) upon treatment with l>eiizene and aluminum chloride. My treatment 
of the moiiosubhtituted compounds with ail aromatic hydrocarbon differ- 
ent from that used originally, a new asymmetric center is created and two 
isomers urc possible: 
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Compounds of Ibis type have lx*on prepared in which li\ - p-tolyl and 
IU = phenyl groups. 

Ln tin 1 presence ot sodium methylate, nit comet hane adds to I, ti-lM.-nzyli- 
dene-gluro.se to gi\r a .seven -carbon nitro alcohol, nw which upon conversion 
to the .sodium salt and subsequent treatment with strong acrid gives i> 
gluro-D-j/Mfo-heptosc (a-glurohcptose ) 
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141 J. C. Sowdeu and 11 O L. Fischer, J. 4m. Chem Soc., 68, 1611 (1646). 
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Another method" is of iwrticul&i 1 value for flic preparation of ascorbic 
add and similar substances. The procedure depends on the condensation 
of sugars with the ethyl ester of glyoxylic acid (OHO -0000*11*) in the 
presence of cyanides. The reaction is similar to the well-known lienzoin 
condensation, and two carbons are added to the sugar rarlton chain (p. 
315). It would seem desirablp that this method receive additional investi- 
gation. 

CiH,(> — C«=0 (- (J— 0 

COH 

NtCN o 

COH (o-Aarorbic acid) 
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L — CH 

I 

HCOH 

I 

CH OH 

C. Methods for Shortening the Carbon Chains of Sugars. 

One of the most convenient methods for shortening the carbon chains of 
sugars iH the linff degradation." Prior to Ruff’s woik, II J H. Fenton had 
shown that tartaric acid is oxidized by hydrogen peroxide in the presence 
of ferrous salts, but apparently no oxidative rleaxagc ol carbon-carbon 
bonds w'as noted The fenuus ion catalyzed oxidation wan extended to 
muuy carbohydrates by assoeinles of Fenton (see p. 336) and by other 
workers.' 7 Ferric ions are used us the catalyst in the Ruff method. This 
catalyst permits the oxidation of aldonic acids but is inactive with respect 
to sugars. Ferrous ions are much less selective. 

Ruff applied the reaction to the easily available salts of the uldonir acids 
and showed that the oxidation 1 akes place by the cleavage of carbon-earbon 
bonds and the direct formation of sugars. Tlu> yields an* often small, but the 
sugars usually crystallize readily. n-Arabinose is produced from calcium 
D-gluconate in 50 per cent of the theoretical quantity. However, o-lyxosc 
is formed from calrium galuctonatc in only 17 p<n cent of the calculated 
amount," Other salts than the calcium salts may be employed, e.g„ 
strontium n-xylonate is oxidized to D-threose.' 1 '' 

*»B. Helferirh and 0 Pel cm, Hr, , 70, 465 (1037) 

" 0. Huff, Her., SI, 1573 (1898); 34, 1362 (1901); O Ruff and G. Ollendorff, Her., 
88, 1793 (1600). 

"For a discussion of the development of the reaction mo: C. F. Cross, E J. 
Bevan and T. Heiberg, J Chem. Hoc., 76, 747 (1899) ; R. S Morrell and J. M. Crofts, 
ibid., 76 , 786 (1899). 

« R. C. Horkett and C. S. Hudson, J.Am. Chm 8oc„ 6(1 , 1632 (lOHti. 

'• R. C. Horkett, J. Am. Chm. Sor , 57, 2280 (1985). 
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The copper salts of the aldonic acids may be degraded to sugars by elec- 
trolysis between platinum electrodes. 1 "" 

The important degradation procedure of Wohl 101 is essentially the re- 
verse of the cyanohydrin synthesis. Tt involves the removal of the cyanide 
group from the uretyluled nitriles, which in turn are formed from the 
oximes by application of the usual acetylation procedures. 
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The preparation of the nitriles has been discussed under the oximes 
(p. 410). In the original procedure, the hydrocyanic acid was eliminated 
by the action of ammoninrol silver oxide or sodium hydroxide, but sodium 
methylate in chloroform solution later was employed. 102 The several modi- 
fications of the method have been critically studied by Deulofou, 10 * who 
suggests the use of the Zcmpldn modification for the hexoses and higher 
sugars and the original procedure for the lower sugars. Later studies 101 
have shown the superiority of strong ammonia (28 per cent) for the deg- 
radation step. The dincctamide derivatives which hh> formed are con- 
verted to the free sugars by acid hydrolysis. 

I,a C. Neuberg, Biochem. Z., 7, 627 (1907). 

>•> A. Wohl, Ber., 00, 730 (1803). 

in G. Zemplln and 1). Kiss, Ber., 60, 166 (1027). 

V. Deulofeu, J. Chen. Soc., 2602 (1930). 

111 11. C. Hockett, V. Deulofeu, A. L. Sedoff, and J. It. Mendive, J. Am. Chem. 
Soc., 60, 27B (1938). 
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The Hofmann method for the degradation of amides to the aminos of 
one less rarhon, was applied by Weerman 100 to the amides of a-hydroxy- 
aeids and led to the production of aldehydes with one carbon leas than the 


original acid. 
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In addition to its value as a synthetic method, the reaction is also of value 
for demonstrating the presence of a hydroxyl on the rarbon adjacent to 
the carboxyl group- Although sodium isocyanate is liberated when carbon 
2 carries a free hydroxyl, a cyclic urethane (I) (readily convertible to the 
lower sugar, H) is formed when this carbon carries a methoxyl group. 101 



The mririatinn of the double bonds of glycols by osone furnishes an ad- 
ditional method for shortening the carbon chains of the sugars. 1 ” The 
oxid a tion of L-arabinal to L-erythrose provides an example. 101 

R. A. Weerman, Re c. Irav. ehm ., 97, 16 (1917). 

'»• W. N. Haworth, 8. Peat and J. Whetstone, J. Chm. Soe., 1975 (1938) 

'•» E. Fischer, M. Bergmann and H. Schotte, Rer., 99, 609 (1920). 

100 (}. K. Felton and W. Freudenbcrg, J. Am. Ghent. Roe., 47, 1637 (1936). 
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The early work of Iviliani auil of Nof (p. 335) demonstrated that the 
sugars are oxidized by uir in alkaline solution with the formation of al- 
donic and other arid* whieli have fewer carbons in the molecule. Spengler 
and Pfoimenatiel 108 have found that the yields of the aldouic acids with one 
carbon less than the original sugar can lie greatly improved by the usn of 
oxygen rather than uir. This oxidation is often of value for elucidating 
configurational relationships as well os for preparatory purposes. Thus, 
the formulation of the structure of pcrsculosc as lr-galaheptulose is con- 
firmed by itK degradation to L-galartonie acid by oxygen and alkali. 110 
An extensive study 111 of the reaction reveals that for many sugars the 
difference between the use of air und oxygen may not. lie ns great as orig- 
inally thought. 

The linkage liotween adjacent curbons carrying hydroxyl groups is 
ruptured by load tetraacetate (p. 329), and sugars with shorter carbon 
chains an’ formed. If more (Inin u pair of neighboring hydroxy] groups are 
available, the oxidation may proceed further so that it is usually desirable 
to block many of the hydroxyls of tin' original substance with groups Hurh 
as isopropylidene, benzylidenc, etc. Sorbitol forms 1,2-3,4-diethylidene- 
sorhitol when tmated with paraldehyde and acid. The ethylidene deriva- 
tive is oxidized by lead tetraacetate to dicthylidcno-i.i-\ylose which on 
acid hydrolysis gives L-xylosc. 112 The. promhm- has particular value for 
the pn’paration of the lower sugars. The 1 ,3- and the 2,3-l)cnzylidenc-i)- 
arabitol are used fur the preparation of n-thn’OHC und 1 ,2-5,0-diisopropyli- 
dene-D- or L-mannitol (1) for the important D- or ij-glyeeraldehyde. 110 


1,0 O. Spongier and t PfanuoiMlicI, Wirlurhafttgruppi Zuckcrinti., 86, 547 
(1035). 

nt N. K ltichtmycr, It. M. Mann and (' H lludnnn, J. Am Chrm. Soc., 81, 840 


1,1 J1 N IhIm‘11, J lit m in eh Mall liur. Manila ell*, M, 227 (1042) 
o' II. Appel,/. Chrm.Moe., 425 (1035). 

111 H.O.L. Fischer and K. Baer, Hein. Chim. Artu, 19, 510 (1930)', K. Baer andll. 
O. L. Fischer, J . Am. Chcm »Soc., 61 , 701 (1939V, VI . T. llaakinn, It. M. llanu and 
C. B. Hudson, J. Am. Chrm. Sot., 65, 1603 (1943). 
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D. Methods for the Synthesis at Sugars with Terminal Methyl Groups 
(Methyloses). The synthesis at fi-draoxy glucose ( D-gluc omethylose , d- 
isorhamnose) is carried out from G-bromo-triaoctylglucosyl bromide. 
The dihalide is converted to the methyl (f-brorao-t riacetyl-p-D-gluooside 
by treatment with silver carbonate and methyl alcohol and the bromine is 
exchanged for a hydrogen atom by reduction with zinc and acetic arid. 114 
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A method of more general application depends on the reduction of iodo 
derivatives in whirh the iodine has replaced the hydroxyl of a primary 
alcoholic group. These arc easily obtained by treatment of the tosyl de- 
rivatives with sodium iodide in acetone solution (see Tosvl derivatives). 
The reduction is olten carried out by eatalylie methods. The 5-desoxy-D- 
xylose (n-xylomel hylose) is synthesised from xylose by Ihis method, and 
hy application of the cyanohydrin synthesis n-gulomct hylose is prepared. 111 


Nftl 

D-Xyloho > innncHHopropyKdrnp-5-tosyl-n-xylnHP ► numoiBopropylidpiu* 

A-ioilo-i) xylose* nionoisopropyliiiene-S dphnw-n xvlnsp — H — + 5-ilpso\y 

i>-xyl»w Q-deanxy-h gulonir arid — 6-tlPHO\y-ji-guloBc (ii*gulu 

mclhylose) . 

The method lias been used by Keichstein and associates 111 for obtaining 
several G-desoxy-D-ketohoxoses : 6-detioxy-D-fructose, G-desoxy-n-tagatose 
and 6-deRoxy-L-sorbosc. 

ViBChpv and K 7*rii, Hei , Jfi, 3761 (1012) 

1,1 1 1 . A. Tjpvpnp ami J. Compton, J Hiol . Ckcni , Jf/i, -ttft, 336 (1035) 

,u T. Heiphstein et al , Hp\r Chim \eta t I/, 263, 013, 1023 (1U3HK 
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The application of the Grignard reagent to aldehyde end carboxyl 
groups and of di azomethane to aldehydo derivatives of the sugars leads to 
1-desaxyketoses (see p. 118). 

E. Synthetic Methods Based on Changing the Configuration of Other 
Sugars. A number of methods utilised for the synthesis of sugars depend 
upon c.lutnginpr the configuration of one or more carbon atoms of other 
sugars. When the configuration of carbon 2 of the aldoses is changed the 
process is termed an epimerization and this type of change is the most 
common. The starting materials for these reactions are usually the natur- 
ally occurring hexoses and pentoses. 

Pyridine and Alkaline Rearrangements. In the presence of alkalies or 
tertiary amineB, the sugars (or the aldonic acids) which differ in the con- 
figuration of carbon 2 (2-epimers) establish a pseudo equilibrium. The 
effect of alkali is more profound for the free sugars than for the acids, and 
the ketoses are in equilibrium with the 2-epimeric aldoses. The action may 
proceed still further and involve carbon 3, and under more drastic con- 
ditions the entire molecule is degraded (p. 71). The large number of 
isomers produced from sugars by alkali limits the general application of 
this method for purposes of synthesis bcrausc of the difficulties in the 
separation of the mixtures and in controlling the reaction. 

The reaction brought about by alkalies, called the Lobry de Bruyn- 
Alberda van Ekenstein transformation, has its major application for obtain- 
ing synthetic ketoses which are usually the principal components of the 
equilibrium. From the mixture produced by the reaction of weak alkali on 
n-ghicose, two ketoses (o-fructosc and n-psicose) and two aldoses (d- 
mannose and n-glucose) haw been isolated. Galactose gives analogous 
products under the same conditions; two ketoses, sorbose and tagutose, 
and two aldoses, tulose and galactose, have been identified. 117 The ketoses 
lactulose (from lactose) and D-glucoheptulose are easily prepared by this 
method. ,,l, ‘ 41 


rH,OII HOO COOH 

C=*0 _"LSi»Kra>'_» HCOH HCOII 

I I I 

HCOH HCOH HCOH 

The aldoses in such mixtures may be oxidized by bromine which has no 
action on the ketoses. The aldonic acid salts formed in this manner are 

117 C. A. Lobry de Bruyn and W. Albert! a van Ekcnsteiu, Her. Iran, chim., 18, 
241, 246, 256 (1R07); J. U. Nef, Ann., 408, 342, 362 (1614). 

111 E. M. Montgomery and (!. S. Hudson, J. Am. Chem. Hoc., ft, 2101 (1630); 
W. C. Austin, C. J. Smalley and M. 1. Rankstone, J. Am. Chem. Sot., s\, 1833 (1632) 
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difficultly soluble in organic solvents and may be separated from the more 
soluble ketoses. 

The isomerinng action of hot pyridine also lias considerable value for 
the preparation of ketoses from aldoses. 11 * The two possible n-ketopentoses 
are prepared by heating the corresponding pentoses with pyridine and frac- 
tionally distilling the acetone derivatives of the reaction products. From 
n-xylose and n-ribose, the amorphous D-xylulose and D-ribuloee arc ob- 
tained . 1111 

Omitting consideration of cnantiomorphic modifications, it may be 
pointed out that two of the four possible ketohoxoses (n-fructose and l- 
sorbosc) are naturally occurring. The other two, allulose (ptdeose) and 
tagatose, have been prepared from the corresponding uldohexoses by the 
action of pyridine. ui 

The direct action of alkali or pyridine on the sugars is of particular 
value for the preparation uf the ketoses, but the action of pyridine on the 
oldonic acids is solely an cpimerization. The action of hot tertiary amines 
(particularly aqueous pyridine and quinoline), or well as of alkali, on the 
aldonir. acids and tlieir methyluted derivatives results in the establish- 
ment of an equilibrium between the two epimerie acids . 121 
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The sugars are prepared by reduction of the corresponding lactones with 
sodium amalgam. From u-arabonic acid, D-ribosc ’ 22 is obtained by this 
procedure, and from d- and L-galaetonic acids, d- and L-talosp 124 - m are 
prepared. 

»• H. O. L. Fischer, (’. Tmibo anil E. Baer, Bir , HO, 170 (1927); 6. Danilnw, R. 
Vcnus-Danilow anil P. Schanlanm il sch, ibid.. Hit, 2280 (1080); P. A. Lcvcnc and D. 
W Hill, Biol Chem., 102.563 (1933) 

111 P. A. Levcnc anil K. S. Tipaon, J Biol, (’him., 115, 731 (1038); O. Th. Schmidt 
and K. Heintis, Ann , BIB, 77 (1!)34). 

1,1 M. Steiger and T. Hcichstciii, Hrlv. Chim .Ido, 19, 184 (1936); Y. Khnuvinc, 
O. Arragon and Y. Tomnda, Bull. tor. chim., [6], 0 , 351 (1930). 

u*E. Fischer, Bor., IS, 790 (1800); W. N. Haworth and C. W. Long, J. Chem. 
Soe., 345 (1920). 

l2 *M. Steiger, Hels. Chim. Acta, 19 , 180 (1936). 

M W. Bosahard, Helv. Chim Ada, 18, 482 (1035). 

1,1 C. Olatthaar aiul T. Ueichstcin, Hrlv. Chiu i. Acta, Si, 3 (1088); O. F. Hedcn- 
burg and L H. Orctchcr, J Am Chem Nor., ifl, 478 (1027) 
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Glycol Synthetic. By the oxidation of the glycals with perbensoie acid 
or hydrogen peroxide (the latter in tert -butanol in the presence of OsO«) 
two hydroxyl groups are added, and the two corresponding 2-epimeric 
sugars are produced. 11 ' The acctylated glycals are obtained by the reduc- 
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This method often is better than the pyridine man augcmcnt loi hring- 
ing about opimerization, mid the resulting sugars crystallize mow* easily 
than the sugar obtained by the reduction of on aldoniu acid. The bexosc, 
n-lalose, has lieen prepared a number of times by the pyridine rearrange- 
ment of n-galac Ionic aeid, but the only crystalline material was obtained 
through the glyeal synthesis. 1 * 1 From seed crystals prepared in this way, 
i>-talose could then be crystallized irnm the sirupy product obtained by 
the reduction of D-talonic acid. 1 * 1 

tilycals an 1 also important intermediates for obtaiumg tho 2-desoxy- 
sugars. 118 The elements ol water an' added by treatment of the glyeal 

1,1 M Bergmauu aiul 11. Subullv, Hu., 64, 440 (1021); H. C. llockett, A. C. Sapp 
and S. It . Millinan, J..\m. Chtm Sac ,H3, 2051 (1011) . 

1,7 p. A. Lcvene and It S Tipsun, .1 Mini Chtm., 98, OStl (1031); W. W. Pigman 
ami II. S. Isbell. J Iie*uu ch Nall. Hat . Standards, 19, 189 (1037). 

1,1 M. Bcrgmanii. If. HchnUe and W. Lochinaky, Her., 66, 168 (1922); 66, 1062 
(11KS3) 
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with sulfuric arid at low temperature, presumably with the formation of 
the sulfuric acid ester, and then saponifying with barium carbonate, ir 
Bibal gives the antipode of the naturally occurring 2-desoxy-D-ribose 
(2-desoxy-D-arabinoHe ) , n-xylal gives 2-desoxy-n-xylose, and n-gaho'tal 
yields Wesoxy-D-galactose. 1 " 1 1M 
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CH 

I o 
neon 
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D-Ribal 

Inversion oj All of the Asymmetric Carbons by Transfer of the Aldehyde 
or Hemiaeetal Group. By a transfer of the aldehyde or heiniaeetal group 
from curhon 1 to the terminal utoin of the carbon cliuin, a formal reversal 
of the configuration of all of the usymmetnc centers oi the molecule re- 
sults. The intermediates for this method ore th" uronie acids, which may 
be synthesized by a numl>er of method-* front the sugarb, dibasic acids 
and alcohols (p. 303 j. The method 111 depends on the reduction of the alde- 
hyde group of uronie acids; the* resulting aldonic acids are converted to 
lactones and reduced to the sugars. The naturally occurring uronie acids 
are useful intermediates, particularly the easily prepared n-galaeturonic 
acid which may lx* reduced to L-g&Inctuse (p. 130). Since n-gahictose maybe 
converted to n-galact uronie arid by oxidation of tlie diisopropylidenegalac- 
toac with alkaline permanganate, tlie procedure provides a means for trans 
forming D-golaetose to its enantiomorph. m The conversion of a sugar into 
its enantiomorph by this procedure !r not the usual result but only occurs 
for sugars related to inactive dibasic acids. From u-glucose through the 
intermediate n-glururonic acid, ii-gulose (earlier rf-gulose) is obtained. 01 
tlie fifteen o- (or L-) iddoses up to and including the hexobes, six are changed 
to the enantiomorph by the transfer of the aldehyde group, thn'e are 
unchanged, and six are converted in other sugars. This conversion is 

«■ P. A. I/nw, l, A. MiLnJu aud T Mon, J. Biol. Chris., M, 803 (103!)). 

1,1 H.S. Isbell and W. W. Pigmun. J Rest arch Natl. Bur Standards, it, 397 (19391 

•« K. Pisehrr nnd 0 Piloty, Ber ,t{ 321 Cl SMI ) ; If Thierfelder. / physiol. Chrm., 
IS, 71 (11491) 

1,1 (’. t'dutthaar mill T. Heirhstrm Hide Chim 1 rtn,tO 1537 (19371; K lwadurc 
anil B. Kubota, Sn Papers Inst. Phys l 'In in hmarrh (Tokyo), H, 183 (1937 -8B); 
K. A. Pizzarello and W Freudenbcrg, J. .1 m Chun Sm , 01 , 811 (1939), IE. S Isbell, 
J. Research Natl Bur. Standards, 83, 15 (1941). 
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generally applicable to all carbohydrate derivatives having unlike ter* 
minal groups. 
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Method* Depending on Walden Inversion*. The tosyl esters and othor 
sulfate esters of the sugars often are hydrolyzed with inversion of con- 
figuration of the esterified carbons. This process, discussed in more detail 
under the tosyl esters and anhydrosugars, provides a method for the prep- 
aration of HUgarH and derivatives from the more readily available ones, 
particularly the naturally occurring sugars. The monoesters are the most 
important for this purpose since when several groups an' hydrolyzed, the 
concurrent Walden inversions produce many isomers. The hydrolysis 
takes place first with the fonnution of an anhydro ring with either or both 
of the neighboring unsubstituted hydroxyls ; the hydrolysis of the anhydro 
ring is again accompanied by Walden inversion. In most instances, several 
reaction products are formed, of which one is n derivative of the original 
sugar. 

Several other methods result in inversions of configuration probably as 
the. result of Walden inversions taking plane during the decomposition of 
intermediate compounds. Thus, the action of AlClj and PCU on octaacetyl- 
oellobiose produces a derivative of thp new disaccharide oeltrobiose. The 
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process results in a change from the D -glucose to tho D-altrose configura- 
tion. Although the latter method has value for the production of D-altrose, 
the principal utility of these procedures is for the production of the rarer 
disaccharides and more details are given in the Bectian on disaccharide 
synthesis. 

F. Preparation of Ketoses by Biochemical Oxidation of Alcohols. Of 
considerable importance for the preparation of the ketosc sugars is the 
oxidation of the sugar alcohols by bacteria. It was first observed that the 
occurrence of L-sorbose in the juice of thp mountain aBh (Morbus aueuparia) 
is due to the bacterial oxidation of the precursor, D-sorbitol. The bacteria 
responsible were isolated and their oxidizing action on a series of polyhy- 
droxyalrohols was extensively studied by Bertrand. 11 * The active organism 
was shown to be identical with Acelobacler xylinum previously isolated from 
vinegar by Adrian Brown. According to the generalization of Bertrand, 
the oxidation of alcohols by A. xylinum is favored by a cia relationship of 
two secondary hydroxyl groups adjacent to a primary alcoholic group. 
The secondary hydroxyl adjacent to tho primary hydroxyl is then oxidized 
to a ketone group by the organism. Glycerol is oxidized to dihydroxyace- 
tone. 


(ir<))H,C-CH(0H)-C , II 1 (01I) * (IIO)II a C-CO-CH,(OII) 

Another organism, Acetbbacter suboxydans, found originally in beer, 
often gives better results than A. xylinum. It has been found particularly 
effective for manufacturing L-sorbose from D-sorbilol and has made this 
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sugar available at Ion cost . 1 ' 1 The organism gives L-erythrulose by oxida- 
tion of meso-crythritol and dihydroxyacetonc by oxidation of glycerol. 1 ** 

,n G. Bortrsnd, Ann. chim., [8 J 9, J83 (1904J. 

1,4 E. I. Fulmer, J. W. Dunning, J. F. Uuymon and L. A. Underkofler, J. Am. 
Chem. Soe., 68 , 1012 (1036); P. A. Wells ot al., Ini. Eng. Chem. SI, 1618 (1030); IT. S 
Patent 2,121,633, June 21,1038; A J. Kluyver and K J dc Lc-euw, Tijdvhr 1 'trgchjk 
Qeneeskuiuie, JO, 170 (1024). 

*** Bee: R. L. Whistler and L. A. Underkofler, J. Am. Chem. 8oc., 00 , 2607 (1038); 
K. R. Butlin, J. Soe. Chem. Ini., 67, T488 (1038). 
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nr «» of a omaU unwnl of i gtaow «M» pw omt) *. wll 
«■» ndaptttm promote* tbe ta Mho ot permM to p , mte m 
wemH to provide optima/ renditions for tbe oxidation or other alcohols."' 
The action of *1 miitoxydam is more specific than the A. xylinwn as demon- 
at rated by studies of the action of the former on a number of sugar alco- 
holfl. 117 Although the same groupings are necessary, there is a marked 
difference between the actions of A, xuboxydans on enantiomorphs. n-Arabi- 
tol is oxidized to n-xylulose but L-arabitol is not attacked. Oxidation of 
L-rhumnitol does not take place but docs for L-fucitol. The action of the 
organism is not limited to ttic sugar series since the closely analogous mew- 
inositol, a cyclic alcohol, yields a pentahydroxycyclohexanone called 
inosose. 188 The biological oxidation of a-glucoheptitol to L-glucoheptu- 
lose provides a method of passing from D-glucosc to L-glucose. The alcohol 
is obtained by the reduction of the product of the cyanohydrin synthesis 
from D-glucosc, and the L-glucoheptulose yields L-gluconic acid (and other 
acids) when subjected to the action of oxygen in alkaline solution. 118 * 

The chemical oxidation of sugar alcohols to ketoses may be successful 
when only one unsubslituted hydroxyl group is present. Thus, G-benzoyl- 
1 , 3--2 , 4-diethylidcne-D-sorbit ol is oxidized to the corresponding L-sor- 
bose derivative by the action of chromic acid dissolved in glacial acetic 
acid. 1,flb 

6. Aldose to Ketose Conversion Utilizing the Osones. A method of con- 
siderable historical interest is the transformation of the aldoses to the ke- 
loaes through the osazones and osones. 140 In his classical work which led 
to the synthesis or the isomerie sugars, Fischer utilized this procedure. 
Although better preparative methods arc now available, the method still 
is important for demonstrating structural relationships. The osazones ore 
transformed to the osones by treatment with concentrated hydrochloric 
acid or aldehydes (p. 406). The reduction of the osono to the ketose is 
brought about by the action of zinc and acetic acid. 
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E. B. Til den, Iiact., 37, 620 (1939). 

117 R. M. Ilann, 1C. B. Til den and C. S. Hudson, J. Am. Chem. Soc., 60 , 1201 (1938). 
111 A. J. Kluyvcr and A. Boezaardt, Rec. trw. chin i., SB, 956 (1939); T. Posternak, 
Heh. Chim. Acta, 34, 1045 (1941) 

IIB *W. I) Mai'lay, It. M. Ilann and 0. S. Hudson, J . Am. Chem. Soc 64, 1006 
{ 1942); X. K. Kichtmycr and 0. S. Hudson, ibid., 64 , 1009 (1942) 
ll,b W. R. Sullivan, /. Am. Chem. Soc., $7, 837 (1946). 

*" E. Fischer, Bor., Mi, 87 (1B89). 
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8. The Identification end the Quantitative Determination of 
Carbohydrates 141 

A. Qualitative Identification 

a. Separation of Sugar Mixtures 

Many methods have been employed for the identification of augan. 
When only a single sugar is present in llu* material undergoing examina- 
tion, the methods customary to organic chemistry may be used. Thus, 
derivatives may be prepared, and the properties can be compared with 
those of known materials. The optical rotation of thp unknown and of its 
derivatives provides one of the best proiierliee for the identification. Mix- 
tures are much mom difficult to analyze. Distillation us a means of frac- 
tionation is limited because of the ease of decomposition and of the low 
volatility of sugars and derivatives. However, the methyl ethers and the 
propionic esters can lie distilled without decomposition, and they are used 
for the separation of sugar mixtures 141 (see under the Discussion of the 
Structures of the Polysaccharides). The most widely applicable method for 
the separation is the fractional crystallization of the sugar mixture or of a 
derivative of the mixture. 

The chromatographic separation oi azoyl derivatives of sugars has been 
studied. 14 * The p-phenylazobenzoyl (“azoyl”) esters of the sugars are 
red colored products that are prepurcd by the reaction of the acid chloride 
with the sugar in pyridine solution. The azoyl eBters, in solution, may lie 

GluroM + p-C,H,— N=N- CJ.IL. — 0001 -E£“!? , _ k 

CiHtO,(C,H.— N=N— C\H,CO), 

adsorlied on a column of an appropriate inert material such as alumina, 
silica, silicic acid or magnesium silicate, and a colored band is obtained. 
If a solvent is pussed through the column, the band will move down the 
column. The adsorbed azoales of a mixture of sugars may Ik* separated by 

The present discussion was absti acted from- G. A. Browne and F. W Her ban, 
‘‘Sugar Analysis”: John Wiloj , \ew York (1441b F. J Bates and Associates," Polar 
unetry, Harrhariinctiy and the Sugars,” Circular 440 of the Natl Bur. Standards, 
Government Printing Office. Washington,!) ('. (1012). The reader is reforml to these 
aud other excellent discussions nf the subject for more complete details and refer 
cnees. Heferenccs to particular methods are giveu only when thev cannot he found 
in the shove works. 

1,1 C. D. Hurd and associates, J. Am Chtm. Soe., OS, 2050, 2057, 2050 (1041); 
O. D. Hurd, I). T. Englis, W. A. Bonner and M. A. Rogers, ibid., 00, 2015 (1044). For 
the appliration of llie methyl etlieis to the .inalytn nl separation of sugars see: 
C D Hurd and S M Cantor, ibid., 00, 2077 (I03S1 Her also Chapters XII to XV 
ior products obtained b> the hydrolysis of polysaccharides 

i»W.8 Reich, hinehem J , 10, 1000 (19301 , Ci. H Coleman and G M MeCloskey, 
J. An. Chtm Sot , 05, 158h (1043), t« II Coleman,!) E ltees, R. h Sundlierg and 
C M. MeCloskey, ihid., 07, 381 (IMS). 
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passing solvent through the column. The bands representing the least 
easily adsorbed substances pass down the column first, and under good 
conditions separate distinct bands arc obtained for each component of the 
mixture. The bands may be separated mechanically by breaking the 
column; the azoates are recovered by elution from the adsorbent by 
extraction with a solvent. The method has been successfully applied for 
the separation of mixtures surh os: glucose and .fructose; glucose and cello- 
biose; arabinose, glucose, trehalose and cellobiosc. Adsorption analyses 
have been applied directly to sugar mixtures . 114 Since the sugars are color- 
less, the passage of adsorption bonds out of the column is indicated by 
measurements of the density or refractive index of the eluate. Streak 
reagents may lie used to indicate the positions of bnnds of adsorbed mate- 
rial. The process has been applied to the separation of the products ob- 
tained by the action of enzymes on starch. 

b. Color Reactions 

The presence of “carbohydrates” is indicated by the development of 
colors when the unknown is treated with strong sulfuric acid and nil ap- 
propriate' phenol. a-Naphthol is one of thp most commonly used phenols; 
others are resorcinol, orcinol, phloroglucinol and eresol. The test employ- 
ing a-napht hoi is known as the Molisch test for carbohydrates. The rolorcd 
substances probably are condensation products between the phcuols and 
furfural, hydroxymethylfurfural and similar products formed from the 
sugars by the aetion oi the acids. This type ot reaction can be used for the 
quantitative estimation of carbohydrates (hoc boloxv). The reaction is 
given by Die simple sugars, the oligosaccharides and by many polysac- 
charides. 

Strong sulfuric and hydrochloric acids coincrt carbohydrates to dark 
rolorcd substances which probably are condensation products of furfural, 
hydroxymethylfurfural, etc. 

The colors produced from ketoses, pentoses and uronir adds in the 
piesence of phenols and arids as well ns other reagents often are enough 
different from those formed from aldohcxoscs so that they may l>e used for 
the classification of unknown materials. The ketoses, pentoses and uronir 
acids usually form rolorcd products under conditions milder than those 
required for the aldohcxoscs. Tauber’s benzidine test for pentoses and 
uronic acids involves the heating of beDzidinc (NlirCiHrCeHc-NHi) in 
glacial acetic arid with the sugar. A cherry red rolor forms in the presence 

141 A. Tiselius, Kolloid-Z., 106, 101 (1943); A Tiwlius and L. Hahn, ibid., 106, 
177 (1943); B. W. Lew, M. L. Wolfrom and K. M. (inepp, Jr., J. Am. Chem. Soc., 
88 , 1449 (1946). Simple qualitative and quantitative micro methods have been de- 
scribed: 8. M. Partridge, Nalutr 168, 270 (1946); A. E. Flood, E. L. Hirst and J. K. X. 
Jones, ibid., 180, 86 (1947). 



OCCURRENCE, PROPERTIES, SYNTHESIS AND ANALYSIS 


135 


of pentoses and glucuronic acid, whereas hexoses give a yellow to brown 
color. Phloroglucinol gives a violet-red color with pentoses and uranic 
acids in the presence of hydrochloric acid. Orcinol may be used to distin- 
guish between pentoses and uranic acidR. The Seliwanoff test for ketoses 
is carried out by heating the unknown with hydrochloric acid and resor- 
cinol. A fiery-red color develops if a ketose is present. 

A particularly important color reaction is the Raybin diazotiracil test 
for sucrose (sec under Sucrose). An alkaline solution of diasouracil turns 
green in the presence of sucrose. The only interfering substances are raf- 
finose, gentian ose and stachyose. 

The reduction of metallic salts provides a convenient tost for “reducing" 
sugars. In alkaline solution, the sugars reduce the salts of copper, silver, 
mercury and other metals to the metal or to a suboxide. The well-known 
Fehling and Tollens solutions are of thiH character. The sugar and the 
products resulting from isomerisation in alkaline solution (see Chapter II ) 
are oxidised to the corresponding acids. 


HCO 
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2 Outrun, + — c— 


HOCO 



CusO + 1W 


The formation of the metal or oxide is taken us evidence fur tlie presence 
of reducing sugars. Similar reactions are given by many subst antes other 
than carbohydrates. The application of this test to the quantitative dr- 
termination of sugars is described in the next section. 

Strong alkalies cause solutions of reducing sugars to turn dark brown, 
particularly when the solutions are hot. The nature of the products is 
unknown. 

Reducing sugars reduce nitropheunls to deeply colored derivatives. 
Picric acid, (!*HjOII(NOj)j,i8 transformed to the deep red salt of picramic 
acid, CiHj(NOj).(NHj)OH. For o-dinitrobenzene, the test is ho sensitive 
that 6 ports per 1 ,000,000 of reducing sugars may lx* detected. 

Methylene blue solutions arc decolorized by alkaline solutions of re- 
ducing sugars. Safranine changes from a red to a yellow color under similar 
conditions. 

c. Derivatives 

The inaction products of the reducing sugars and aromatic hydrazinos 
are veiy useful derivatives for identification purposes. One mole of hy- 
drazine may react to give the sugar hydrazone, or two residues may be 
introduced to give the osazones. Phenylhydrazine is the must common hy- 
drazine used fur this purpose, hut other hydrazines are used. The choice 
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of hydrazine depends upon the sugar present since the products differ 
greatly in tlicir esse of isolation. For example, mannose phenylhydrazonc 
is difficultly soluble, whereas the gluroso phenylhydrasone is quite soluble. 
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The osuzonrs are much less soluble than the hydrazonrs. However, il 
should be not ini that three sugars (c.j/., glucose, mannose and fructose ) 
give the sumo osazonc lieeausc of the loss of asymmetry at ear) ton atom 2. 
(For further details of this reaetioii, the reader is referred to the discussion 
of nitrogenous derivatives, t'haptcr IX). 

The IxHisimidasolcs of the aldonic acids have Ireen suggested tor the 
identifieation of sugars and acids. 141 The Itcnzimidaznlcs an< made by oxida- 
tion of the HUgnrs to the alilonir arids, and subsequent condensation of the 
aldonic neids with o-phcnylenodiamine. 
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'I’lie separation of small quantities of the aldnlicnzimiriuzolcs is laeili- 
tated by the* formation of the insoluble copper salt from whirl) the roppei 
may lie removed by exposure to hydrogen sulfide. The melting points and 
optical rotations of the benzimidazoles and of tbe corresponding hydro- 
chlorides differ sufficiently for the different sugars so that Hip identities 
tion is assured. Frucl ir-c under the conditions outlined above is likol> to 
lie oxidized with the production of small quantities of n-arubo-lienzimidu- 
zole. Characteristic derivatives of hexuronie and saccharic acids also are 
obtained by condensation with o-phenylenediaminc. 

Derivuth cs of particular value fur the. identification of many important 
sugars an- mentioned in Chapters III, IX and X under the description of 
lhi> individual sugar*. 

‘“See: S. Mimic anil k. P. kmk, J. Httil Che m, 1 , 1 . 1 , IBM (1<)40i, II .1 Dimlci 
and K. 1'. Link, ihiH , ISO, 345 (1013). 
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B. Quantitative Determination. Many of the qualitative tests may be 
applied to the quantitative determination of sugars. The eolor developed 
in the presence of acids and phenols or the amount of metal »i metallic 
oxide formed by the reduction of the Halts of heavy' medals by the sw'utr 
can be measured. Tn some canes, difficultly soluble derivatives such us the 
osazones con Ik* weighed directly. Because of the absence of u stoichio- 
metric relation or because of 11m* appreciable solubility of derivatives, 
most of these methods are not completely satisfactory. The discovery of a 
true stoirhiometric reaction or of derivatives insoluble in the presence 
of other sugars would lie a valuable contribution totlic analysis of eiirlwhy- 
drates. 

a. Optical Rotation 

When sugars ot their derivatives are reasonably pure, and in iiarticuku 
an* Ins* ol optically active impuriti<*s, the measurement id the optical rota- 
tion provides the nuM convenient method for their identification und 
analysis 'Phis method ol “direct polarization” finds wide application In the 
analysis ot raw and puntied cane and beet sugar. The specific rotation of a 
sugar in solution is given by : 


(a - obscived optical rotation; / — length ol tula* in decimeters; c -= 
weight of sugar (giants ) in 100 ml. of solution al 20‘V. I. When the specific 
lotation is known, the concentration, r, may Ik* calculated from: 

IU0a 

‘ " I X lalY 

l stially the s|iecific rotation varies somewhat with the concentration |r), 
and this effect must receive consideration. 

The method is \ er\ easily applied when a saccharimeter is used lor the 
measurement of the lotation. In this procedure, the weight of impure 
sugar which is taken tin the analysis is the same as the amount ol pure 
sugar which will read 100‘,S under the same conditions. The observed opti- 
cal rotation gives directly tlu* percentage of sugar in the sample, 'riius, a 
reading of flO°»S’ would mean that the original material contained 90 per 
eent of the sugar. The weight of a sugar which will read 100°/? on a sne- 
charimctcr when made up to 100 ml. at 20°(\ and read in u 2-dm. tulie is 
known ns the normal weight. For sucrose, the normal weight is 2G.00 g. 

Mixtures of several sugars are more difficult to analyse by optical rota- 
tion methods, but sometimes the analysis is possible if the rotations of tlu* 
components vary in a different manner when the solvent, the acidity or the 
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temperature is changed. The. change in solvent may be brought about by 
the addition of BaltB such os borax which markedly affect the rotations. 
If the specific rotations of the two components are known under two seta 
of conditions, the solution of two simultaneous equations* will give the 
relative percentages of components x and y; 

Condition I : x fa*] + y [%] - 100 [a,i n ]. 

Condition 2: \ [a£] + y [%] = 100 [au*]- 

One of the moat important sugar mixtures which can lie analyzed by the 
optical rotatory method is* the mixture of sucrose and its hydrolysis prod- 
ucts, glucose and fructose. The process of hydrolysis of sucrose into glucose 
and fructose is known as inversion liecause of the change of the sign of 
rotation which takes place during the hydrolysis. Mixtures of this type 1 are 
found in invert sirups, honey, etr. The polarimctric method for this purpose 
is based on the measurement of the optical rotatory power of the original 
material und of the completely hydrolyzed product. 

fwlI'jOn t HjO - — * + r iHijOi 

Hurnihe (ilurnse + Fiuc tow- 

ill vert sugar 

From the known rotations oi sucrose and oi its hydrolysis products, the 
quantity of sucrose in the original mixture may lx* calculated. This method 
originally was devised by Biol (1812), hut it was greatly improved by 
Clerget and boars the name of the Clerget method. Acids have liecn em- 
ployed as the cutalysts for the hydrolysis reaction. How r ever, the instabil- 
ity of lructosc under acid conditions, and the marked influence of acids 
and salts on its optical rotation arc likely to lead to erroneous results unless 
the conditions are carefully controlled. The inversion by yeast invertasc 
gives more accurate results. 

The results are calculated from the formula: 

„ _ JOUlP - P') 

~ J33 - 0 6<t - 20) 

where P and P' are the observed optical rotations before and after acid 
hydrolysis and t is the temperature (°C1.) at which the rotations are meas- 
ured. The constant 133 is the Clerget constant. The percentage of surrose 
is given by S. The method must be carried out under carefully standardized 
conditions. (For further details and discussion, the reader is referred to the 
previously mentioned works on the subject.) 
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b. Reducing Sugar Methods 

Oxidation by Metallic Salts in Alkaline Solution. The principal chemical 
methods for quantitatively determining the sugars make use of the reduc- 
ing action of sugars on alkaline solutions of the salts of certain metals. 
Although many metallic salts, including those of copper, silver, mercury, 
and biBinuth undergo this type of reaction, copper has been employed by 
far the most extensively in sugar analysis. The reaction might be visual- 
ised as the ease of an aldehyde or ketone being oxidised by withdrawal of 
oxygen from the base formed by Hip action of the alkali upon the salt. 
The reduced base is precipitated either as the free metal or as the suboxide. 
However, the process is complicated by the extensive action of the alkali 

HOIK) f Agj(>- *2Ag + HOOOH 

HOIK) + 2CuO— tC'usO + ncoon 

upon the sugar and by the presence of alcoholic groups which also ore 
oxidizablc. By careful control of the ronditiuns, a complete breakdown of 
the carbon chnin may lie achieved in accordance with the following equa- 
tion: 

r.lIuO. + DAgjO— H8\g + SHOOr-COOH + 3HiO 

Oxalir arid 

Under these conditions the umount of glucose may be estimated from the 
weight of the reduced silver. However, the reaction seldom proceeds 
stoichiometrically. It has been shown previously (see Chapter II) that 
sugars with free aldehyde and ketone groups quickly undergo change oven 
in weakly alkaline solution. Glucose, fructose and mannose undergo a 
mutual in ten a on version until equilibrium is established. This interconver- 
sion is explained by the formation of an enol form. Upon prolonged action 
the double bond may descend farther along the chain. Strong alkalinity 
produces more deeply seated changes forming soecharinic acids and their 
lactones. In the presence of cupric salts in alkaline solutions, the enediols 
ait* oxidized at the expense of the cupric ions which are reduced and pre- 
cipitated as insoluble cuprous oxide. The carbon chain of the sugar is 
ruptured with the formation of acids with shorter chains. Since the enediol 
bond of a hexose at the time the molecule is ruptured may be either at the 
1 ,3 ; the 2,3 ; or the 3,4 position and since the hydroxyls may have altered 
their positions, a large number of acids is produced. 

Under such circumstances it is amazing that the reaction has quantitative 
value. But it has been found that, although the products are many and 
variable, it is possible to standardize the conditions so that the amount of 
cuprous oxide may be used as a measure of the quantity of sugar. 
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Copper solution* U'came important for purpose of sugar analysis after 
Trommor (1811) used alkaline copper sulfate to distinguish between grape 
sugar (glucose) aud rant* sugar (sucrose). In 1844, Barresml reported the 
important discovery that the addition of potassium tartrate to alkaline 
copper sulfate solution greatly increases the stability. The faction of the 
tartrate with the copper salt is still not clearly understood, but it is gener- 
ally assumed tluit complex salts are formed. Cupric tartrate is precipitated 
when a solution ot copper sulfate is added to a chemically equivalent 
amount ni sodium tartrate in solution. If u second equivalent ol sodium 
hydroxide is added, the precipitated ruprir tartrate dissolves. Since the 
resulting solution is neutral to litmus, the whole cupric tartrate residue 
acts as an ion to neutralise the alkali. That the copper is a constituent ot 
the anion is shown by electrolysis of the solution; under these conditions 
the copper migrate*- to the anode. The reagent used tor sugar analysis 
must have more than one equivalent of alkali lor one of the tartrate be- 
cause the sugar cnol is formed only in alkaline solution. 

Citrates, oxalates, salicylates, carbonates, glycerol, and cane sugai 
stabilize alkaline solution of cupric salts iu a manner similar to the action 
of tartrates. Some of these, citrates in particular, have been ie>ed in the 
preparation of copper solutions for sugar analysis. 

The copper method was further improved in 1818 by Fehling. who 
worked out analytical details oi the alkaline copper method essentially ns 
they non stand. Fehling gave as stoichiometricol equn alonts : 5 molecules 
of copper to one molecule of glucose. But apparently lie did not realize 
that the amount of copper which is reduced varies with experimental 
conditions and is quantitative only within a narrow range of concentrations 
and of reaction times. Hie ratio 1:5 was employed subsequently until 
Soxhlet in 1878 showed that the ratio varies with the degree of excess of 
copper present during the reaction. Soxhlet’s method W'as also an improve- 
ment in that he kept the copper solution and the alkaline tartrato solution 
in separate containers; the solutions were mixed at the time of analysis. 
The composition of the Fehling (Soxhlet) reagents is as follows : 

Fehling solution A: 34.639 g. crystalline copper sulfate (CuS(V5H|0) 
made up to 500 ml. with water. 

Fehling solution B: 173 g. Rochelle salt and 50 g. NaOli mode up to 500 
ml. with water. 

Since the copper reduction method has become used so generally for 
sugar analysis, numerous modifications have lieen descrilied which an* 
based on the same fundamental principles but which differ in analytical 
details. Fehling solution is rather unstable. Hence, efforts have been made 
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to improve its stability. Many organic products other I bun sugars cause 
either a precipitation of cuprous oxide or prevent its precipitation even if 
sugars are present. Consequently, other copper solutions are Irequently 
employed, especially in biological analysis. Copper sulfate or acetate usually 
is used us the source of the cupric ion. Potassium hydroxide has been sub- 
stituted for sodium hydroxide in the method of Allihn and in its modifica- 
tions. Citrates or carbonates have l)een used instead of sodium or |Mitassium 
hydroxide to produce reagents having less alkalinity as for the solu- 
tions ot Benedict and of Soldaini. Among other copper solutions recom- 
mended foi testing sugars, copper ammonium tartrate and amraoniacal 
copper sulfate may lie mentioned. But with all the 1 numerous modifications 
the Fehling-Soxhlet solution is the most widely used of the copper solutions. 
No other has been found to c>quul it for general usefulness in augar analysis 
lit hough others may lx* more suitable under specific circumstances. 

The amount of cop|jer which is reduced by various sugars has lieeu found 
lo vary according to the alkalinity, the temperature, the time of heating, 
fhe sugar concentration, the nature of the sugar, the type of the tartrate 
Id, I or nit so), the amount of rout act with air, etc. Prilling solution ap- 
proximates the degree of alkalinity which has lieen found to give the larg- 
est deposit ot cuprous oxide. Two of the most important \arial>les am the 
temperature and the time of heating. Initially, the reduction is very rapid 
as the temperature is raised to 75 °C. The rapid phase is lollnued by a slow 
secondary reduction which continues for a long time. However, the rale of 
reduction is very slow at the later time periods. In most methods the solu- 
tion is allowed lo boil until a point is reached at which a small variation in 
I he time will exert only a negligible influence on the results. Because of the 
arbitrary establishment ol the conditions and the alisence of a stoichio- 
metric relation lietwcen the quantity ot sugar and the cuprous oxide 
formed, close adherence lo the conditions describ'd tor the various meth- 
ods is required. Under standardized conditions, the amount of cuprous 
oxide is proportional to the initial quantity of sugar. For many methods, 
tables haw lieeu published whieh relate the quantity of sugar and the 
amount of cuprous oxide or eopper. The multiplicity of tables arises from 
the fact that many investigators have confined their work to one rangle 
sugar for one individual set of conditions. The early tendency was to de- 
vise n particular method for each sugar under examination. This procedure 
requires different reagents and procedures for each sugar and renders im- 
possible the interpretation of copper equivalents for mixtures of sugars. 
This difficulty led to the establishment of unified procedures for which the 
same reagents and procedure are used regardless of tho nature of the sugar. 
Empirical copper equivalents have been determined for the sugars of 
common occurrence and for the most frequently occurring sugar mixtures. 
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Among tine unified methods are those of Munson and Walker (the most 
common method in the United States), of Quisumbing and Thomas, of 
Bertrand, of Brown, Morris and Millar, of Lane and Eynon and of Scales 
(modified). 

After the establishment of standard conditions for the reduction, con- 
siderable variation is possible in the method for determining the cuprous 
oxide. It may be weighed directly or ignited to cuprir oxide. It may lie 
further reduced to metallic copper by hydrogen, by alcohol vapor or by 
electrolysis in nitric acid solution. In other procedure's, the cuprous oxide 
is dissohed after filtration and is determined volumetrically by use of 
ferric salts and permanganate, iodine and thiosulfate, thiocyanate and 
silver salts, dichromate and ferrous salts or the cyanide method. In the 
cyanide method, the excess of cupric ion is determined. Several processes 
have also been worked out for the determination of the extent of the re- 
duction without filtration of the cuprous oxide. Titration may be made of 
the cuprous ion or of the excess cupric ion. Ferric ion oxidation of the dis- 
solved cuprous oxide is employed in the Bertrand method. The Scab's, 
the Shaffer-IIartmann and the Shaffer-Somogyi methods employ iodo- 
metric determination of the cuprous ion in the presence of citrates which 
form complex ions with cupric ions. The Folin-Wu method and its modifi- 
cation according to Benedict require measurement of the rolor produced 
by cuprous salts and a tungstic acid reagent. 

Instead of measuring the (‘upper reduced by a given amount of sugsu, 
the copper solution may lie titrated directly by the addition of sugar to 
the boiling copper solution. The end point is distinguished by the discharge 
of the blue color (methods of Yioletto and of Pavy), by spot tests with 
ferrocyanide (Soxhlet) or by the intemul indicator methylene blue (Lane 
and Eynon). Other indicators have been suggested ; in the case of very dark 
molasses, the end point preferably is determined elect rometrically. Main’s 
“pot method’’ was devised Ix'cause it is difficult to standardize the time of 
heating and the rate of ebullition. The temperature is ivgulated by a 
boiling water-bath, and the redurlion is carried out in test tulies provided 
with flouts, variable amounts of sugur lx*ing added to constant amounts of 
copper reagent. The same principle is used, but constant amounts of sugar 
solution am added to variable quantities of copper reagent in the method 
of Reischaucr and Kruis. 

Although the reduction of cupric salts in alkaline solution is common 
to all aldoses and ketoses (as well as aldehydes and ketones), conditions 
may he established for which a preferential oxidation of monosaccharides 
takes place. In the Barfoed method, ropper acetate in neutral or slightly 
acid solution oxidizes monosaeeharides but affects disaccharides such as 
irnlt( he <nly to a minor degree. The Steinhoff method for the selective 
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determination of glucose, maltose and dextrine in mixtures depends on the 
determination of glucose by the Barfoed reagent, the sum of dextrose and 
disaocharides (maltose) by use of Fehling solution, and the total sugar after 
complete acid hydrolysis. 

Descriptions of the procedures followed in the various methods and 
tables relating the sugar quantity to the amount of cuprous oxide or copper 
are given in the standard works on analysis. 

Oxidation vrith Potanin uni Ferricyanide. A number of important methods 
are based on the oxidation of sugars by ferricyanide ion in alkaline solu- 
tion. The method is open to the same objections as the eopper reduction 
methods, namely, the lack of a stoichiometric reaction and the dependence 
of the method on arbitrarily chosen conditions. The ferricyanide may lie 
used to titrate the sugar solution directly by the use of picric acid or of 
methylene blue a s an indicator. ()r, the reduced fcrrocyanido may he pre- 
cipitated as the zinc salt, and tlie excess ferricyanide determined iodo- 
mctrically. The Hogedom-Jeuscn method and the Hanes modification 
utilize the latter procedure. Extensive application of the ferricyanide 
method has been made in the determination of tho diostatir power of 
amylase preparations and in blood analysis. 

1 h.Je(CN;, + 4 KOHL-4 K,Fp(('M, +■ a II jO + O, 

2 JI,Fc(CN), + 2 HIn 2 H,Fe((’Nj, + h 

2K,Pe(C'N), + 3 ZnWh-K-Zn JFe((W jJ. + 3 KjSO, 

c. Colorimetric Procedures Vsing Orcinol on Cahhuole 

The formation of colored products by tho reaction of sugars and phenols 
in the presence ol strong acids has been mentioned previously as a qualita- 
tive test for carbohydrates, ('aibazole (1) may be used instead of a phenol. 


CHm 



(I) (II) 


By use of a colorimeter (or preferably a spectrophotometer) and the 
rigorous standardization of the conditions of the analysis, it is possible 
to employ this type of reaction for the qualitative estimation and the 
quantitative determination of minute quantities of carbohydrates in 
biological products. Methods employing orcinol (3,5-dihydroxytolucne, II) 
and carbazole have been described in detail. 14 * 

141 M. Ntfretiaen and 0 llaugUArri , Ihochem. Z., 160, 247 (1033) ; B. Uunn and D. B 
Hood, J. Biol Chem , 139, 775 (1BU); 131, 211 (1030) 
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The alworption curves for the different sugars after t roatment with 
orrinnl or carbazole and strong sulfuric acid differ considerably. Hence, 
the shape of the absorption curve frequently is of value in the identification 
of an unknown sugar even in the presence of amino acids and other ma- 
terials. 

Quantitative evaluation ie possible by colorimetric comparison ol a 
sample of the unknown with a standard solution of the same sugar. 

rf. Spkci vii Methods 

Determination of Aldose* by Hypoioditc. Romijn (1897) first showed 
that aldoses an 1 quantitatively oxidised by iodine in w e.ikly alkaline solu- 
tion under carefully controlled conditions. Ketoses and non-reducing 
sugars an* only slightly attacked. Equations illustrating the reaction are 
given l>clow. 

The iodine and alkali form hypoioditc and iodide: 

1. + 2 VaOfl *NalO 4 Nal + 11.0 

Port of the hypoioditc is converted into iodate and iodide, the amount 
depending on the concentration, the time and the temperature : 

3 NalO— *NaIOj 4 2 Nal 
The hypoioditc reactH with the aldose : 

KCIIO 4 NalO 4 XaOlI-^HCOONii + Nal + li.O 

Since sodium iodate counut oxidize* the sugar in alkaline solution some ac- 
tive iodine is lost as far as the sugar oxidation is concerned. It the entire 
quantities of alkali and iodine arc admitted simultaneously, much iodine 
is transformed to iodate and a deficiency may result for the sugar 
oxidation. If iodine is present in too groat an excess, over-oxidation can 
occur, and the alcoholic groups are slowly oxidised to carboxyl or car- 
bonyl groups. 

Although some iodine may be lost by the side reaction, tins iodine is 
measured along with the excess when the solution is acidified ami titrated 
with thiosulfate. 


NalO + Nal + HtSOr-»li + Na£0 4 + H/> 
NaIO| + 6 Nal + 3H,B0 4 -»3l, + 3No,B0 4 4 311.0 


It 4- 2NatW)r-*2 Nal 4- Na,8 4 0, 
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Slater and Acne found that the iodine cunmunption can be confirmed by 
titrating with alkali the free acid left after the completion of the thiosul- 
fate titration. 


HCl + NaOH-*N»('l + 11,0 
Aliiunic lai-tuue t lliOfdRCOOJI 
lU'OOH + Nitf)ll-+IIOOONa +■ 11,0 

Although the stoichiomotrical nature of this reaction is an advantage 
over the empirical naturo of the cupper reduction*, thin procedure does not 
have Ah great a versatility of application, and it also must In' used under 
earefully controlled conditions. Alcohol, glycerol, mannitol, tormic acid, 
lactic acid, dextrin, amino acids, and many other substances take up iodine. 
Hence, the method cannot lie applied directly to impure sugar products ot 
unknown composition. Two well-known modification* ot I lie original 
Romijn method are the Willst&tter-Schudcl and the Klein-Acrce method*. 

DcUrmviation 0 / Pentoses and Pentosan*. I’entofce sugars and pentosnns 
may be quantitatively estimated by conversion into furiuml by distillation 
with hydrochloric acid. The amount of furfural is determined gravi- 
metrirally after prmpitation with phlurglucinol, barbituric acid or tliio- 
harhituric acid, or volumetrically by titration with bromine or phenyl- 
hyd ratine. Approximately tlieorctical yields of turiural are obtained if tlic 
furfural is removed rapidly from the reaction mixture by steam distilla- 
tion. 


CilliiOk - 1 CiHtOi *4 30,0 

Pentose Furfural 

Hexoses yield hydroxymethyllurtural, and met hy loses yield methylfurfural. 
These substances ure not produced iu quantitative yields, and they inter- 
fere with the furfural determination. (More details of this reaction are 
given on pages 69 and 308.) 

Determination of Sugars as Hydrazones and Osazones. r J'he solubility of 
the different hydroaoncH and osazones or of similar derivatives in the pres- 
ence of impurities hob prevented their general employment for the quanti- 
tative separation of the sugars. In certain cases, however, where they are 
characterized by great insolubility, thoy may be used for fairly accurate 
quantitative determinations. Arabinose may be determined by precipi- 
tating it with diphenylhydrazine ; mannose with phenylhydrazine ; and 
fructose with methylphenylhydrazme. Some oaasoneB may be determined 
volumetrically. Glucosaione, for example, is reported to be reduced 
stoichiometricaily by titanium trichloride to isoghicosamine. 
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Fermentation Methods. The selective fermentation of sugars by micro- 
organisms it) utilized for the qualitative and quantitative determination of 
sugar mixtures. Ordinary yeasts ferment glucose at alkalinities up to pH 
8 although malt use is only slowly fermented above pH 7.2. This difference 
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A, acid formation nlwrrvpd. 

(< , gas formation observed. 

0, no roartion. 

lias been mode the basis of the Komogyi method for the determination of 
glucose, maltose and dextrine in products such as are obtained by the hy- 
drolysis of starch. Tho determination of the reducing power of a sample 
before fermentation, after fermentation at pH 7.5, and after fermentation 
at pH 5.0 provides a method for the selective determination of maltose, 

,0 L. Hternfrld and 1*'. Saunders, J. Am. Chew . tior , 50, 2063 (1037) See also; 
C. M. McCloskcy and J It. Porter, Proc. Sor, Eiptl. Biol. Med., 60 , 200 (1046). 
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glucose and unfermentable (dextrin) material. Instead oi reducing sugar 
determinations, measurements of the alcohol concentration may be used to 
measure the degree of fermentation. Mixtures such as are obtained by the 
hydrolysis of starch also may be analysed by the use of a yeast which will 
not ferment maltose, and one which will act on this sugar. 14 * 
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A, arid fonnation ohseived 
0, gas formation observed. 
0, no irartion. 


Wire and Appling 11 ' determine galoot use in the presence of mannow, 
glucose, tructose, xylose, arabinosc and glucuronic acid by use of a yeast 
(Sarcharomyees carlsbcrgeims) which ferments galactose and one (8. bay- 
anus) which docs not Both yeasts ferment mannow, glucose and fructose 

lM See for example A S Srhultr, H. A Fishei, L Atkin and C N Frey, Ind 
Eng Chan , Anal Ed , 16 , 486 (1943) 

>* L E Wise and J W Appling, Ind Enq Chrm , Anal Ed , 16, 28 (1944) 
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Init have no action on xylose, arabinose and glucuronic add. Mixture* of 
this type are obtained by the hydrolyras of phut puns. 

The accompanying Tables II and III illustrate the marked specific action 
of bacteria and yeasts on sugars and derivatives. 11 * By the proper applica- 
tion of microorganisms, it is possible to provide ovidence for tho presence 
of a given sugar in an unknown mixture. Thus as Hhown in the accompany- 
ing tables, an evidence of fermentation by Torula cremom combined with 
»n absence ol fermentation by ordinary yeasts (Sac. ermnsiae) would lie 
indicative of the presence of glucosamine. In turn,' the fermentation char- 
acteristics of a microorganism is used for its identification. The latter use 
provides the main application for many of the rarer sugars. 



Chapteb IV 
ESTERS 

In the carliohydrate group as a whole, including polysaccharide*, Lite 
dominant functional group in the hydroxyl group, particularly if the 
hcmiaretal group is considered w* a hydroxyl. Hie sugar alcohol* (polyols), 
glycosides and polysaccharides have primoiy and secondary alcoholic 
groupb, and the sugar*, these groups and also mlumyl nr hemiacetal 
groups. 

H' OH" 

i i 

R CHjOlI H I'HOII It' ('OH 

Primary almlml SiM-omlarv alcohol Hrimacclal 

One ot the most common reaction*, of hydroxyl groupn is tlmt ot esterihea 
tion The present chapter covers thp ester derivatives of carbohydrates 
other than polysaccharides. Since the esters of the sugars hate leceived 
the most study, the discussion will lie centered about them 

The ester derivatives of polysaccharides are oi considerable industrial 
importance, e.g., cellulose acetates and nitrates. Those oi the sugars have 
not been commercialized to any great extent, with Hie possible exception of 
sucrose oetuaeetate. An important series ol surface-active materials an* 
provided by polyols and their anhydro derivatives partially esterified 
with long-chain fatty acids. For the lutter derivatives, increased solubil- 
ity in water is provided by reaction with ethylene oxide. 

A few esters of the sugars occur in natural products. Vacciniin (mono 
lienzoylglucosc) is found in tht juice of hluclierries; populin (saltern (1- 
benzoute) necum in Populua species. Phosphate esters ot hoxoses, trioses 
and hydroxy acids a«t os intermediates in the hiolugiru) synthesis ol poly- 
saccharides, ethyl alcohol (alcoholic fermentation ) and lactic acid (glycoly- 
sis). 

Esterification is accomplished by reaction oi the curbohydiute with on 
acyl halide or an acid anhydride and catalyst. The catalyst may lie an acid 
(HiSQi, HC1, ZnCls, etc.) or a nitrogenous base such as pyridine Vcids 
arc likely to hydrolyze glycosidir bonds if present, whereas bases may 
eauBe rearrangements if reducing sugars are used. In common with other 
organic enters, these derivatives are hydrolyzed by both acids and alkalies, 
with alkalies being particularly effective. The fully substituted organic 
esters are soluble iu organic solvents, particularly well in Ihe chlorinated 
hydrocarbons. If fully esterified, the products usually are easily rrystal- 
liied and obtained in high yield. 

H9 
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The ease of reactivity of tho OH groups is usually in the order: Hemi- 
acetal OH, primary alcohol, secondary alcohol. The presence of ring struc- 
tures, however, has a great influence on the reactivity. For the sugars, 
cyclic esters (usually pyranoses) are the principal products obtained on 
esterification, but sometimes small amounts of acyclic esters (derivatives 
of the aldehydo-torm) arc among tho reaction products. 

ACYL DERIVATIVES 
1. Acetyl Derivatives 

A. Cyclic Acetates. The acetyl derivatives of the sugars have been exten- 
sively employed os intermediates in sugar synthesis and for the isolation 
and identification of the sugars. Their value for thp.se purposes arises from 
their ease of preparation and crystallization and Krause tho acetyl groups 
are easily removed. As early as 18G0, Berthelot 1 obtained a sirupy ester by 
reacting glucose and glacial acetic acid. Lietarmann* introduced the use 
of anhydrous sodium acetate and acetic anhydride, and Franchimont* 
obtained from glucose, sodium acetate and acetic anhydride a crystalline 
ester which was probably j9-pentaacctylglucose. The use' of zinc chloride 
as a catalyst in place of sodium acetate gave the n£-pelltaacet l vlftlucosp ,, 
although, because of difficulties in analysis, the two pen taacet ales were 
not recognized at the time as being isomers. These two catalysts arc still 



d-tilucoHe pent a&cct at r or (Slur use a (JIuniM 1 pent awe fate 

used extensively for acetylation, but pyridine, sulfuric acid and perchloric 
acid have advantages os catalysts in many instances. 4 The catalytic ef- 
ficiencies of jxwhloric acid, phosphoric acid and zinc chloride are related 
to their relative proton affinities (relative acidities) in the acetylating 
medium. 6 

For the acetylation ol 0-naphthol, the reaction lias Ikhmi shown to 1* 
subject to both acidic and basic catalysis. 6 The rate of acetylation is slow- 

1 M. Berthelot, Ann chun. phys., |3] 60, 93 (I860). 

9 C. Liebermann and O. Hermann, iirr., II, 161 8 (1878); A. 1*. N. Franchimont, 
Her., IB, 1940 (1879). 

1 E. Erwig and W. Koenigs, Her., BB, 1164 (1889). 

4 A. Verley and Fr. Bulging, Rer., Si, 3354 (1901); It. Bchrend and P. Both, Ann., 
SSI, 362 (1904); A. P. N. Franchimont, Compt. rend , BB, 1053 (1R81) ;D. KrOgcr and 
A. Roman, Her., 69, 1830 (1930) 

k D. Krttger, Nitrocellulose, 9, 175 (1938). 

1 J. B. Conant and (3. E. Bramann, J . Am. Chem. Soc 50, 2305 (1928) 
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est between pH 1 and 3 *(in glacial acetic acid, acetic anhydride) and 
increases at both higher and lower acidities. Those results may apply to 
the acolylation of carbohydrates. 

The acetylation of the nonreducing sugare and other derivatives which 
consist of a single modification can be carried out by almost any method 
which docs not affect glycnsidic linkages, but the acetylation of the re- 
ducing sugars is complicated by the existence of several ring modifications. 
Far this reason it is necessary to select a method which will give the de- 
sired product. The isomer obtained depends upon the catalyBt used in the 
acetylation and upon the temperature. The following general scheme 7 
illustrates tlie effect of these factors on the acetylation of glucose. At low 
temperatures (0°C.) the equilibriums represented by reactions I and II 
are only slowly established and the acetylation reactions III or IV take 
place without isomerization. By the use of pyridine and a low tempera- 


(IV) 


a .. HtSOi, ZnCIt, pyridine (rold) 

0-D-UUCOBC - Sodium aceutathotf 

Peiil aacPtyl-0-D- 
gluroBP 

® 11 

If'W- 


Ppnlaai'Ptyl-a-D- 

glueogo 

(Hi) 



ture, the a-aldohexose yields the a-pcntoacctutc, and the 0-aldohexoee 
yields the /J-pentaocctute. At higher temperatures, in the presence of acid 
catalysts, isomerization between the acetates takes place, and the products 
obtained depend upon the position of the equilibrium represented by the 
reaction II. In the cose of glucose, the equilibrium mixture of the pentaace- 
tates consists ol 90 per cent of the alpha and 10 per rent of the beta penta- 
acetylglucose. 8 For many sugars the alpha acetates predominate in the 
equilibrium mixture and consequently the use of arid catalysts, such as 
zinc chloride, and a relatively high temperature (20° to 110°C.) produces 
the alpha acetate from either the alpha or beta sugar. With sodium ace- 
tate as a catalyst at a high temperature, the equilibrium (I) between the 
alplia and beta sugars is established, whereas the equilibrium (II) between 
the acetates is not. Since the lieta sugar is acetylated more rapidly than the 
alplia, the principal product is then the beta acetyl sugar. The diagram 
also illustrates how the alpha acetates may lie prepared from the beta ace- 
tates. For this purpose, a mixture of sulfuric acid, acetic arid and acetic 
anhydride has certain advantages over zinc chloride. 7 This reagent bIso 

7 V. B. Hudson, J. Ind Eng. Chtm , 8, 3S0 (1916). 

» O. L. Jungius, X. physik . Chim , 61, 101 (1906). 

• E. Montgomery and C. 8. Hudson, J. Am. Chem, Soe., SB, 8463 (1931). 
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brings about the transformation of nretylated glycosides to tho correspond- 
ing acctyl-a-aldoses. Tn contradiction to the general belief that tho reaction is 
only catalyzed by acid catalysts, solid sodium hydroxide in an inert solvent 
also catalyzes the transformation of the beta to the alpha acetyl sugars. 10 
The acetylation reaction usually gives high yields, but particularly for 
reducing sugars, many isomers are formed. The reaction has been used as 
a means for the determination of hydroxyl groups in organic compounds. 11 

The application of keteue ((Hj— CO) to the acetylation of carbohy- 
drates has been investigated. 1 * Although methyl fl-trityl-a-glueoside and 
1,2-isnprupylidcnc-glucose arc completely acetylated by kotene in hot 
dioxane or acetone, only three of the four hydroxyl grou]>s of methyl a- 
glucosidc are acetylated by this treatment and glucose itself is not affected. 


Table 1 

Eioprrtir* of HentaimttylgnlartOHt * 


Subitum 

m p 

TO 


a PeiilaarrtylgAlai'tiipyranoso 

| 

, 90 

100 7 

0 - 

142 

25 

0 -Ppnlaarrty 1 galar t ofuranuHi* 

98 

- 11 1 . 

a “ 

S 7 

61 2 

or- Pent anretyl gal ac 1 ohept a now 

128 

11 0 

0 

101 

7 s a (isr i 

A kfrAj/do-ppiilaavotylgalurl use 

121 

25 m u V 1 


4 Potations in rhlornfonn 


Mon» complete esterification can lie brought about bv the pnwnre ol 
sulfuric acid in tin* ivuctioii mixtuiv. 

The numlier and tyj>es of crystalline isomers ol acetyl sugars tivqucntly 
is greater than for the parent sugars Thus, seven isomeric peutuacetyl- 
galartoses an* known; these include three ring types ipyranoso**, furanoses, 
I eptanoses) and the open-chain fifr^/ii/rfo-ijentaacetylgalactom 1 The proper- 
ties of the seven pent aaretylgalacl owes are given in Table I. 

B. Acyclic Sugar Acetates (Aldehydo Derivatives j. The n|M k n-rhaiii 
forms of the sugars an* pn k sumed to be the intermediate 1 * in (*ertain inac- 
tions, such as inutarotation, but, os far as is known, er>stalline sugars 
always exist in one of the ring forms. In aqueous solutions, there is con- 
siderable e\idenre that appreciable amounts of the aldehyde or aldchydrnl 
form exist in equilibrated solutions of sugars such as ribose and fructose 

M L Wolfram and D IIuhUmI, ./ 1/// Chrm. <So< 59, 564 (1957). 

11 Si»e M Freed and A AI. Wynn<», Ind Eng Chrm , A not Ed , H t 27K (1950), 
B. E. Christensen and R. A. Clarke, ibid., /7, 265 (1915) 

«C. D. Hurd, 8. M. Cantor and A S.lloe,./. Am Chem Nor., ff/, 426 (1959). 
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(nee p. 07). Amorphous D-glucoee pentamethyl ether (II), prepared 11 
by the luethylntion of glucoee diethyl mercaptal (I) and removal of the 
mere apt ill group*), hue an acyclic structure. 


HCO 

H(’(8CiH;)j 

| 

j 

II GO 

liCOH 

“Sr- hooh 

llCOCHi ► 

| 

| 

HOOCH, 

HOCH 

1 

110 CH 

i 

1 

OUjOCH 

1 

OHiOCH 

1 

1 

(II 

1 

(ID 


The acetyl and benzoyl derivativeH of the f ree-aklrhydn and ketone forms 
of the sugars nrc well characterized crystalline substances and liave been 
extensively investigated by Wolfram and by Brigl. 14 The sugar raeroap- 
tals (III), oximes (IV) and semicavbazones havo been applied to their 
preparation. 



IIO(HR), 

HCHBR)i 

HO— 0 


HCOH 
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HOOAp 
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HCOAc 

1CH1K 
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(illlCIlHP 

| 

IIOC’H 

OODC 1 

m~* 1 

HCOH 

| 

ArOCH 
NrOAo 1 

(ArWO”* 1 

HCOAr 

| 

u « VeOCH 

HuTB* . 1 
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IJUOAr 


ifOOH IICOAr HOOAr 


IIiCOH IltOOAr HjCOAe 



(III) 


cv) 
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lBNOi 


HCo-NOH 

HO— NOAo 

1 

HO-NOH 

Niizoriiu;] 

+ 

K0 ±S-> HCOH 

HOOAo 

1 

HOOAr 

Ulupuw 1 

1 

HOCH 

1 

1 

VcOCH 

1 

1 

AeOCH 

1 


1 

(IV) 

1 

1 


Thiol esters may be reduced to give aldehydes: 

0 0 
II El B 

n— C— SR' — C— H 

11 P. A. LoVene and G, M. Meyer, J. Biol. Chen., 69, 175 (1926). 

14 M. L. Wolfram,./. 4m. Chen. Hoc., 91 , 2188 (1029); P. Brigl and H. Mtthlochlegrl, 
Her., 66, 1551 (1980). 
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A small yield of aldehydo-Tb ribosc tetraacetate has been obtained by the 
reduction of ethyl thiul-n-ribonate tetraacetate. 15 

The sugar mercaptals are perhaps the best intermediates exrept that 
the reaction conditions may be too severe for some sugars, e.g., the disoc- 
choridcs which may l>e hydrolyzed. 16 The use of the oximes is complicated 
by the formation of acetylated nitriles during the acetylation process. 

The products prepared in this way are true aldehydes or ketones and 
exhibit the typical reactions of these compounds. They give positive tests 
with Schiff’s reagent, whereas the sugars give a positive test only under 
carefully controlled conditions. Catalytic reduction of an aldehydo acetyl 
sugar produces the corresponding alcohol but each keto acetyl sugaryields 
two alcohols since a new asymmetric center is produced. 17 Oxidation of 
aldehydo acetyl sugars by bromine produces the corresponding acetylated 
aldonic acids. 1 ' 

Of particular interest for distinguishing between the cyclic and the free- 
aldehyde forms of the acetyl (and lienzoyl) sugars is the reaction with 
ethyl mercaptan in the presence of zinc chloride as a catalyst. 18 The penta- 
acetylglucopyranoses (I) and furanobes (the ring forms) lose an acetyl 
group in the formutinu of a thioghicot-ide (II) but aUfah //rto-pent a acetyl - 
glucose (111) loses none and forms the mercaptul (IV). 


II C=0 

I 

(CJHOAr), 

I 

CHjOAc 


(III) 


RSII 

ZnCl. 


iicten), iicoac 

I I 

(C’UOAc), IIC’OAr 

I I 

ClliOAr ArO Oil 0 

I 

iiroAc 

I 

lie J 

I 

IIjCOAe 
(IV) (I) 


HC'Slt 

I 

II CO Ac 

K8H _ J .* nLn Ik 

ZnCh-^AcOCII 0 

IICOAc 

I 

HC J 

I 

II.OOAc 

(ID 


+ 

HOAo 


The acetylglyconir aldehydes mutarntate in aqueous and alcoholic 
solutions and form crystalline hydrates and aleoholates which are believed 
to be aldehydrol or hemiacetal derivatives.** 

■* M. L. Wolfrom and J. V. Karahinos, J.Am ('hem Sor., 68, 724 11946). 

"M. L. Wolfrom, L. W Georges and 8. Holt/berg, J. Am. Chem. Sue., 68, 1794 
(1934). 

17 E ParsuaudF V. 14 i rb , J Am Chcm Sor , 56, 30JS (1933). 

>• It. T Major and E. W. Cook, J. Am. Chem Hoc , 68, 2171 (1036). 

11 M. L. Wolfrom and A. Thompson, J Am Clum. Hoc , 66, S80, lh04 (1934); P. 
Hrigl and K. Hrhinlo, tier , (18, 325 (11133) 

*• M. L. Wolfrom, J. Am. Chem, Hoc,, 88, 2275 11931), M. L. Wolfrom and W. M. 
Morgan, ibid., 64, 3390 (1932). 
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H U 

I I 

HOCOH HC=0 ROCOH 

(HCOAc), (HCOAu)i R0H (HGOAc) 4 

HjCOAc IIjtCOAc Hi CO Ac 

Aldehydrol Free-Aldrliyrip Hemiacetal 

The frec-aldehyilc form of ocety luted hoxoses also reacts 21 with acyl 

OAc 

halides to give 1 -hulogeno-hexaacetfttes, ClIjOAc— (HCOAc)* — CH 

X 

(X = I, Br, Cl), and upon acetylation with sodium acetate and acetic 
anhydride yields heptuacctates, CH s ()Ar— (IICOAc) 4 — CH(OAc)i. 

Open-chain acetates of the sugurs are found occasionally among the 
products obtained by the usuul methods of acetylation of the sugars. 
Thus, Pacsu and Rich demonstrated that the long known “alpha'’ penta- 
aectylfmctose of Hudson and Brauns has a free ketonie group. By the 
acetylation of certain hept rises with sodium acetate and acetic anhydride, 
the open-chain acetyl derivatives arc formed directly.* 1 

Phosphoms pentacldoride reacts with ordinary' aldehydes to produce the 
1 ,1-dihalides. It reacts similarly with a/tfc/ij/rfo-pentancetylgalaetoso to 
give the 1 , 1 -dirhloride, but in ether solution phosphoric acid esters are 
obtained.** 

A reaction of the acotylutcd straight-chain compounds of interest for 
synthetir purposes iB lliat with diazomethane.*' By this reaction a carbon 
atom is added and a 1-desoxyketosc derivative formed (see also p. 118.) 


IIC=0 

(CHOAp)j "cHinJ* 

CHjOAc 

atrle/iydo-Totroacetyl- 1-Desnxy-tctraacetyl- 
arabinose frrto fructose 

C. Acetates with a Heptanose Ring. By a special series of reactions a 
pair of cyclic pentaacetylgalacloses with seven-atom rings (heptanose 

« M. L. Wolfrom, J. Am. Mem, Soc., 57, 240S (1935). 
n E. Montgomery and C. 8. Hudson, <7. Am Chem, Soc., 56, 3463 (1934). 

*> M. L. Wolfrom and I). I. Weisblat, J. Am Chcm. Soc., 61 , 1149 (1940). 

** M. L. Wolfrom, D . I. Weisblat, W. II. Zophy and S. W. Waisbrot, J . Am. Chem. 
Soc., 66, 201 (1941). 
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or HeptanoHC rings) liavc lieen synthesised by Mirheel and Surktiill. 26 The* 
method of synthesis follows: 


Galactose -* 6-tritylgtdaetosc — > G-trityM , 2 -3 , 4-diisopropylidenegalact ose 

Nal 1BJ , H* . , . KlHH 

► (hiodo-dusopropyhdeiiegal&etose — ► 0-iodngaluctose —> 

O-iodogalactose diethyl mereaptal -■» ft iodo-tptnim'riylgahirtoHi 1 diethyl 

CMCD* BI . , A , pyi iilinn 

wercaplal Ti^TH — * rr 'w , wydo-2 ,3,4,5 letraacetylgalactose _4 

2,3,4,15 tetraaccfcylgidauluheptanoHe n and fi- 1 ,2,3, 1,5- 

]>ent wire! ylgalartohepton uses. 


m eC 

Ac 0 - CH 


HC - OAC 
HC-OAc 



IViitaaridvIituhiPlnhpiitiuwsp fen stalliur • 


The heptonose structure was continued* by cnmersion ol the pcntance- 
tate to a methyl tetiaiiiethylgulnctuheptanoside which upon oxidation 
with nitrie arid gives tetiainethylniucie acid, COOH- (THOrUa)! 
COOH- 


Ti( 'I* 

PentaaeelylgtdaetoheptuiinM 1 cucu l-ehloro Iclmacelylgnlactn- 

heptamwe Ak^COj”* Methyl tetnuieelylgalailoheidamtsido ' 

w .. . . . . . .. Hl*l Methyl tetraniethvlgalact ohep- 

Methyl galacloheptunoKide ■ 

lanosidi* 2,3,4 ,5-tetmmet.hylimirie acid. 


D. Derivatives of Orthoacetic Acid. 27 The thn-e ring types and the open- 
ehain lorm do not exhaust the tyjies of isomerism iound in the ncelylated 
sugars. The hist representative oi the new tvjx* was prepared by Fischer, 
Hergmann and Ralx*, 28 who by reacting triaoetylrhamuusyl bromide with 
methyl alcohol in the presence oi silver carbonate, obtained a compound 
with the same analysis as an acctylated methyl rliamnosidc but which 
exhibited the unique property of having one acetyl group resistant to 
alkaline hydrolysis A similar derivative 1 of mannose was then reported by 

“ F. Micheel and F Hitekfull inn , 603, 85 U933). 

« F. Mirheol and V SuektulL Ann , 607, 138 (1033) 

* 7 J1 W PiihI, “Thp ( 'hninisl i y of Dip Alipluilir Orthopsteis", p 100, Uoinhnlil 
Publishing Company Now \ ink (MM3) h Par mi. i/Jvanns in ('tiibnlu/rhnh ('him , 
I, 78 (1945). 

11 E Fischer, M. Bergmann and A. Babe, Bei ., 63, 2352 (1020) 
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Dale.*’ An explanation for thi* behavior woe arrived at simultaneously 
by Freudenbcrg and E. Braun and by Bott, Haworth and Hirst.’ 0 The 
evidence adduced by the latter workers for the structure of the mannose 
derivative (I) follows : 

Subslaiu’C willi analysis porrcw- Substance with analysis corn's 

ponding to that foi methyl tetra - > ponding to thal for methyl mono 

nrctylinannoHiile 11) acrtvlmamiosiih 1 Ul) 


(CHi)j 80< 
NaOH * 


Triiucl liyl 
derivative 
of HI) ’ 


Vo HC1_ Trimethyl 
mammae 


d, 4,0-Tiimelbyl 
B,i — + lnaniionic delta 
Iwfonc 


The structure oi the lactone wan demonstrated by synthesis. Eliminating a 
three-atom ethylene-oxide ring us improbable, the position oi the alkali- 
resistant acetyl group is located by this evidence as carbon 2. The resist- 
ance of this group to alkaline hydrolysis is indicative of fui unusual struc- 
ture An orthoester structure agrees with this ivsistance a^ well as with the 
ease uith u hit'll the acetyl and methyl groups are hydrolyzed by acids. 
The ordinary alkyl orthoacetates exhibit similar properties. 


II,C OOIl 4 


\ / 
C 

/ \ 


CHi<> O f 'll 1 
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/ \ 

II II Art) O 0 

I I I I I 

r--( -c -r ch 
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OAc H II 


Compound I 

», 1 , b Tri acetyl -D-maunoee 
mrl hvl 1 , 2-ort hoacetato 

These compounds w ore called originally "gamma” glycosides (a term 
used for furunomdes ut the time) Itecausc ol their ou*c oi hydrolysis by 
acids, but it seems desirable to I allow the suggestion ot Haworth, Hirst 
and Stacey 11 and to name them us derivatives ot orthoaeetir acid. Sugars 
for which orthoacetate derivatives have been reported are: rhamnose, 
mannose, lyxose, 4-D-mamiose /3-o-glucoside, taloso, ribose, a-glucoheptose, 
turanosc, maltose, fructose, neolactose and n-guloheptose. B 

11 J. k Halo, J Aw. Chtm ,S'w , W, 1016 (1U21) 

*• K Prcutlcnberg anil E. Braun, NntwwmetitchulU «, tit, 303 (1030) , II It Bnti, 
W X. Haworth aud 15. L Hirst, / Cli, in, Sor , 13»:> (1930) 

11 W \ T . Haworth, K L. Hirst and M Sts rev, / Chrm Sac , 2864 (1031) 
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The mechanism and necessary conditions for orthoester formation have 
been investigated by Frush and Isbell.” The principal necessary condition 
seems to be that the halogen atom of the aeetylglycosyl halide from which 
the orthoestcr is obtainod and the acetyl group on the adjacent carbon 
should lie on opposite sides of the pyranose ring. Details of this mechanism 
and of the preparation of these compounds are described in a later para- 
graph. 

An interesting reaction useful in testing for the orthoester structure is 
that which takes place with hydrogen chloride in chloroform. Under these 
conditions, the orthoester derivatives are eon verted to the noimul 1- 
haJogeno acetyl sugars.” 


H,C 0— CH 

\ / 

C 

/ \ 

CH,0 O— C1I 

I 0 

- c— 

I I 

Sugar methyl orthmiretate 

Derivatives having an orthuacctir acid structure (with a free hydroxyl 
rather than a methoxyl group) have been described, 33 but no direct proof 
was provided. The orthoacetic acid and ester structures call for a new 
asymmetric carbon, but the expected isomers have never been obtained. 

A monobenzoyltalose is the only known lienzoatc ester having a prob- 
able orthoester or orthoacid structure.* 4 The following structure lias been 
provisionally assigned to this substance: 

IIO CiTIfc 

\ / 

c 

' \ 

ii on on o o 

I I I I I 

(HO)HsC (J — C V 0 0 — 

I I I I 

II II II II 

0- 

In contrast to the properties of orthoacetic esters, the monobenzoyltalose 

lz For detailtd references see: H. L. Frush and II. H. Isbell, J. Research Natl. Bur . 
Standards , 87 , 413 (1941); also, E. Pacsu. 17 

11 W. N. Haworth, E. L. Hirst and E. 0. Tecce, J . Chem. Soc , 1408 (1930) ;N. K. 
llichtmyer and 0. 3. Hudson, J. Am. Chrm . Soc , 68 , 2534 (1939). 

14 W. W. Pigman and H. S. Isboll, J. Research Natl . Bar. Standards, 19 , 189 (1937) . 
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is relatively stable to acids and is unstable in the presence of traces of 
alkali. 

E. Acetyl Migration. In the presence of dilute alkali, acyl groups at- 
tached to sugars which also contain free hydroxyls may wander and occupy 
new positions. Helferich and Klein"-" observed a mutarotation to take 
place for solutions of 1 ,2,3, 4-tet raacetyl-0-D-glu cose and found that the 
soft-glass container catalyzed the transfer of an acetyl group probably 
from the fourth to the sixth carbon atom. When the resulting 1,2,3,G- 
tetraacetylglucose was partially methylated by methyl iodide and silver 
oxide, a second migration of an acetyl group from carbon l to carbon 4 
took place. Such migrations" have been observed frequently and are con- 
sidered to take place through an intermediate orthoacid, as suggested by 
FiBcher,* 2 * * * * 7 rather than by an actual hydrolysis and recombination of tho 
wondering group. It should be noted that the geometry of the pyronose 
rings is such that groups attached to carbons 1 ,4 and G can approach each 
other quite closely (see p. 54, Fig. 1) and that the postulated t>ix- 
membered orthoacetic structures are strainless even when the two link- 
ages are irons to the ring. 



1,2,8,4-Tetraarelyl- Intermediate orthoarctir 1,2,3,6-Tetraaeetyl 
glucose arid glucose 

2. Acetylglycosyl Halides (Halogeno Acetyl Sugars) 

A. Cyclic Forms. The acetoxy group on the reducing carbon of the acetyl- 
atod sugars (carbon 1 of the aldoses and carbon 2 of ketoses) can lie re- 
placed by halogen atoms. The resulting compounds, tho acetyl glycosyl 
halides (also called the halogeno acetyl sugars and aretohalogeno sugars), 
are very important intermediates for the synthesis of sugars and their 
derivatives. 

CH.Mc 

I ■ F, Cl, Br, I 

H Me 

Tetraacetylglucoayl b elide 

M B. F. Helferich and W. Klein, Ann., Ifi 0 , 210 (1026); 435, 173 (1027). 

•• Bee review by K L Hint and S. Peat, Ann. Report! Chem.Soe.,31, 172 11034) 

" E. Fischer, Brr.,'58 , 1024 (1020). 
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The first compound of this type (tetruacetyiglucosyl chloride) was 
prepared by Colley by the action of acetyl chloride on glucose." It may 
also 1* considered that the acetylglyeosyl halides are derivatives of anhy- 
dro polyhydric alcohols, so that totroacetylglucosyl bromide is also 1-C- 
bromo-t et roncot ylpolygalitol , and, in fact, polygalitol (1,5-anhydrosorbi- 
tol) lias l**en obtained therefrom by indirect replacement of bromine by 
hydrogen (see under Polygalitol). The high reactivity of tlio halogen is 
typical ol that displayed by a-lialogcno ethers. like the latter, the acetyl- 
glyeosyl halides an 1 discussed under derivatives of aldehydes. 

The most important methods for the prepu ration of these substances 
follou . 

a . Action ok v Concentrated Solution ok Hydrogen Halide in 

Acetic Anhydride on in Clutm. Acetic \no on the Acktylated 

Si'uar;*' 1 X = Cl, Hr, 1 

r riie glacial acetir ueid solution is most commonly employed, but the 
acetic anhydride solution offers some advantages. The latter solution, 
actually n solution of acetyl bromide in glacial acetic acid, has a lower 
vapor pressure and freezing point than IIBr in glacial acetic acid; also a 
higher ronreutratinn of the HBr (40-12 per cent) may bo nhtainod. 

it . Action of Liquid Hydrogen ILylide on the Acetylatkd Sijgnr" 

This method is especially valuable for obtaining the acetylglycoByl 
fluorides, a reaction investigated particularly by Brauns. 41 Tn some in- 
stances (ccllobiosc, see page 4‘il ), the hydrogen fluoride causes rearrange- 
ments to take place with the production of derivatives of now sugars. 
Prolonged action of hydrogen bromide produces dibromides by replacement 
of the acetoxy grmi|>s at carbons 1 and 6 (anomeric and primary-alcohol 
groups). 

r. Ac 1ION ok P(51» and A1C), 

A mixture of phosphorus pentochlorido and aluminum chloride is fre- 
quently used for preparing the acetylglycosyl chlorides from the aretyl- 
ated sugars in chloroform solution. 42 Titanium tetrachloride may be used 

“M A. Colley, Atm ehim phyn., [ 1 1 it, <{U3 (1870); I). H. Brauns, J. Am. Che m. 
Noe., 44, 401 (1922) 

"A. Bodart, Monulhh., IS. 1 (1902); E. Fischer and II. Fiacher, Ber., 45, 2530 
(1910). 

« E. Fischer and E. F. Armstrong, Ber., 94, 2885 (1901). 

11 D. II. Brauns, J. A m. Chrm. See., 45, 833 (1923) ; D. H. Brauns and II. L. Frush, 
J. Beer arch Xatl Bur. Standards, 0, 149 (1931). 

" F. v. Arlt, Monntrh , gt, 144 (1901); 'A H. Skraup and R. Kremann, ibid., Si, 
375 (1901). 
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in place of the mixture of aluminum and phosphorus chlorides. 41 However, 
some sugars (oellobiose and lactose) undergo partial racemization of the 
ring carbons during the reaction with the phosphorus and aluminum 
chlorides and yield the halides of new sugars (see page 431). 

Colley’s method, using acetyl chloride, is not widely employed because 
of the difficulty in controlling the reaction. 'Che first method is the lieRt 
for most preparations although for the fluorides the second method ib 
particularly valuable. The stability of the noetylglycosyl halides follows 
the order: fluorides > chlorides > bromides > iodides. The iodides de- 
compose rapidly even at 0°C. whereas the fluorides may be kept for long 
periods without decomposition. 

As tho carbon atom carrying the halogen atom is asymmetric, two iso- 
mers are possible. Application of the Isorotation Rules of Hudson indicates 
tliat most of these compounds belong to a single series which is assigned 
the alpha configuration. 41 Schlubach, however, has reported that a-tetra- 
acetylglucosyl bromide (dextrorotatory) can be converted into the ano- 
merir /S-tclroocetylglucosyl chloride (levorotatory) by treatment with 
silver chloride. The beta isomers are very unstable and am rapidly trans- 
formed into the ordinary alpha isomers 4 * (dextrorotatory). The instability 
of the beta isomer* makes it, diffirult to use them for the Hynthoris of glyco- 
sides and other compounds by the Koenigs-Knorr reaction (see below). 
Ilut Hickinbottom 4 * has found that the 0-glucosyl halides with an un- 
substituted hydroxyl on rarbon 2 (3,4,G-triacetylglurosyl chloride) or 
with a trichloroocetyl group on carbon 2 (2-trichloroaeetyl-3 ,4 , fi-tri- 
aeetylglucosyl chloride) arc fairly stable. 

Alkalies remove halogen and acetyl groups from the ocetylglycosyl 
iodides, bromides and chlorides. However, the fluorine atom in lotm- 
acetyl glucosyl fluoride is more stable than the acetyl grouiis wliieh may 
be n *moved by alkali leaving glucosyl fluoride. 47 Tho fluorine is more easily 
removed by acids than by bases, a relation which is the reverse of that for 
other halogens and most acyl groups. By heating gentiobiosyl fluoride 
with water and calcium carbonate, the free sugar is regenerated. 

'• K. Paesu, 111 ,- , HI, ISOS (102S) 

41 When the rntatimiH of (he acetylglyco'iyl hroiuidpg are compared with those oi 
I he fully aretylatrd sugars, it is found that for the i> series nearly all tlic bromides 
are more dextrorotatory than the eorrespomling aeetates. Although this telle no tiling 
of the absolute configuration, it dors divide the halides into series having the some 
configuration. 

14 K Fischer, Bn , U, IKON (1011); 11. ft-liluhauh, ibid., 59, 8t0 (1026); P. Kngl 
and II. Keppler, ibid . 59 , 1688 (1026); D. II. lirnuns, J Am Chrm Sot- , #>, 3170 
(IM7) 

M W. J. Hickinbottom, J. Chrm. Soc., 1676 (1020). 

47 B. Helferich, K. Bfiuerlein and F. Wiegand, Ann., W, 27 (1026). 
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The importance of the aoetylghicoeyl halides lies in the ease with which 
the halogen atom may be replaced by many acoxyl, aroxyl, and alkoxyl 
groups. Ordinarily the reaction is carried out in an anhydrous inert sol* 
vent (e.g., benzene) with alcohols or the Bilver salts of phenols or acids 
and in the presence of silver carbonate, silver oxide or on organic base 
such as pyridine or quinoline. These latter substances probably function 
by removing the halide ion tut AgX or the hydrogen halido as the Halt of 
the organic base. When water Ls formed in the reaction, the presence of a 
desiccant in the reaction mixture is desirable. Powdered “Drierite” (an- 
hydrous calcium sulfate) is particularly good for this purpose. 4 * The 
reactivity of the acetylglycosyl halides is in the order: 1 > Br > ('1 > F. 
Since the iodides decompose too easily to be kept for any time and since 
the fluorides react with too murh difficulty, the bromidoR and ehlorides 
arc must commonly employed. 

These reactions of the acetylglycosyl halides may be formulated as 
follows. 


GH t OAC CH ( OAc 

AflOAc ROM ' NT 

Aco\ y Ac A «E C0 S AcqS ^ AC Y * 

H OAc quinoliM H OAc 

l-Acyl-2,3,4,6 tetra- TctrnniTlylglurosyl Alkyl tetraarrtyl- 
aeetyl glucose bromide /9-glucoside 

Some of the many acyl groups (see the above formulas) which have been 
introduced into the sugar molecule by this means are: 011*00 — , — NO s , 
(WO — POdlI 2 ,-SOJI, 011*0 bII^SC >z — (t osyl ) , 0.11*00— etc. A few 
of the alkyl and aryl groups (R in the above formulas) are : OH* — ,C 2 II. — , 
OwIIw — 9 ('II z OHCH 2 --, ('flllfi- , benzyl, a-naphthyl, menthyl, glucosyl, 
etc. 49 When water is present (e.g., aqueous acetone), the bromine is replaced 
by a hydroxyl group and the product, tetraacetylglueose in the above ex- 
ample, mutarotates since the reducing carbon has a free hydroxyl group. 

The mechanism of the halogen-replacement reaction has been discussed 
by Frush and Isbell. 60 In general, the product usually obtained by replace- 
ment of the halide atom by another group has a beta configuration for the 
anomcric carbon (carbon 1 of the aldoses). Since the acetylglycosyl hal- 

4 ■ 1). I). Reynolds and W. L. Evans, J.Am . Chum Soc 60, 2550 (1938) , introduced 
the use of the substance for this purpose after Ilelferirh had used the lesR-eflicient 
calcium chloride. B. Ilelferirh anrl J. Gocrdclcr, Bcr 73, 532 (1910), have studied 
the optimal proportions of reagents and the effort of different dehydrating agents on 
the yield of several glycosides produced by this reaction. 

41 Additional details of the application of the method to the preparation of the 
glycosides may he found on p. 193. 

II. L. Frush and H. S. Isbell, J. Research Nail. Bur, Standards. 97 , 413 (1941). 
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idfl from wfaich it is made most probably has the alpha configuration, a 
change of the configuration of carbon 1 has taken place, a process generally 
known as a Walden inversion. This inversion is most simply explained by 
assuming that, as the halide ion with the pur of electrons forming tho 
halide-carbon bond dissociates, the entering alkoxyl group with a pair of 
electrons forms a new bond on the opposite side of the carbon from the 
side at which the halogen departs. 


H 
• » 

H ^ — 

II II , — , 

■ • • i/ 

H + H y — 

M • 

ch.o: 

C:Br 

1 

HCOAo 

CHiOlC'.Br 

j 

ch,o:c 


k HCOAc 

I 

„ HCOAo 


1 

“ * 1 

~ * 1 


— c— o — c— o — c— o 


Tetraarrlylglucosyl Reaction intermediate Methyl tolraacetyl- 
bromule (alpha) (activated state) glucoside (tela) 

When the halogen and the acetyl group on the second carbon arc on oppo- 
site sides of the pyranoHe ring a competing reaction is possible and methyl 
orthooceiates of the sugars also are formod. 80 
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CHiO 
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o:C:Br 
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CHS x O C1I 
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To traacetylman nosy] 
bromide 


I I 

Reaction 

intermediate 


H* 

■ • 


H Br: - 

i/n 


CH,0^ yO'.c 

-* c | 

CllS \) CH 

4- I 


Triacelylmannosp 
methyl 1,2-orthoaoctatc 


Althougli the structures of the acetylglycosyl halides are not rigorously 
established, all the evidence indicates that in their preparation from tho 
fully aectylated sugars, particularly by the IlX-glocial acetic acid method, 
the ring structures of tho acetates arc maintained. Since the halides are in 
turn convertible to the acetyl glycosides and by doacetylation to the free 
glycosides, all by reactions in which a ring change has never been observed, 
the ring structures of all these compounds are determined by that of the 
related glycoside of known structure. Most of the known acetylglycosyl 
halides appear to be pyranoses, but. from pcntaaectylgalactofuranose a 
tctraaeetylgalaetosyl bromide has been prepared which reacts to give an 
ethyl galactofuranosidc. u 


•* II. II. fichlubacb and K, Mciscnheimrr, Bar., 87 , 420 (1034). 
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A Optfcsi JtoMtfao iffd Atomic Dimeattoa. D. 11. Brno*** has made a very W|l 
ful and extensive investigation 0 / the optical rotatory relatiuiwhipN of tlip acctjj 
glycosyl halides aud of ihe active alkyl halides. 11 An interesting relation no* found 
to exist between the differences in the specific rotation of nrvlylglycobyl ha/idos of 
the same augur anil the corresponding differences in the covalent atomic distance 
lietwcrn the halogens and the carbon atom. The differences in atomic radii; (Cl, C) 
-- (F, C): (Hr, C) - (Cl, C): (I, C) - (Cl, C) are assigned the average values 41:- 
10:21, icspcctively The differences between the spocifir rotations of the tetraaretyl- 
glucosyl fluoride, chloride, bromide and iodide in the same order as previously given 
arc 70.0:31 7 ‘30 G For purposes of comparison, tbe reduced difference is calculated 
by making the Cl-F rotational difference 41 and then calculating the other differences 
from Ihe observed ratios For the glucose derivatives, the reduced rotational differ- 
ences air 41 0*17.1 21 l The corresponding arahinose, xylose and fructose deriva 
tives show similar close agreement with the atomic dimension differences, hut the 
mRnnosc derivatives give the abnormal ratio, 41.0:24 0:35.2, for the i educed rota- 
tional differences. This deviation is ascribed to interaction of the acetyl gioup on 
carbon 2 ait h the hv dragon atom on carbon 1 in the mannose series This interaction 
may be prevented in the glucobe series by attraction of the acetyl gioup by the ring 
oxygen 

Disnivharidcb with alpha linkages exhibit similar relations to those foi Ihe arc! vl 
glveosyl halides, but disareharidcs with beta linkages show some deviations unless 
the CM F differences aiV excluded 


C. Acyclic Analogs of the Acetylglycosyl Halides. Aldchydo acetyl 
Biigwn (I) add acetyl halides to form 1-halogono derivative* (11). These 
compounds in many ways react analogously to the cyclic acetylglycosyl 
halides. Application ol the Kocnigs-Knorr reaction (reaction with alco- 
hols in presence of silver carbonate) lends to the production ol hemiurctals 
(III) and loss of acetyl halide. 51 


HC=0 

I 

HCOAr 

I 

tVrOCII 


H 

I 

ArOC— Br 

I 

HCOAr 

I 

\rOCH 


C.H.OH 
AifiCOi * 


H 

I 

HOC— OC.H. 

I 

HCOAr 

I 

ArOCH 


aWf A;/rfo-Prnl aacrty 1 l-Hi dihu -oldehydo- 

galaclosr D-nalaptoBe hexaarrlatr 


atdehy(io-n-i'in\ncitm' ethyl 
hemi acetal pent a arc I ate 


(I) 


flD 


(III) 


11 13. II. Brauns, J . Restaich Nail. Bui. Standards, 7 , 573 (1031); ■/. Am. Chem. 
Soc., 61 . 1820 (1029). 

88 D. 11. Brauns, J Research Nall . Bur . Standards , 18, 315 (1037); ibid., 51, 83 
(1043). 

14 M h. Wolfrom, M Kouigsberg and F. Moody, J Am. Chun . Soc., 65, 2348 
(1940) 
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A Bimilar niko of ntr&ightahuin 1 -halides arc made by treating the fully 
acetylatad hemiacotals with aluminiiin chloride in chloroform solution , M • B 

H 

The structure of carbon 1 may be represented by HO-C-X. The halogen 

atom, X, is more reactive than that in the straight-chain 1-acetyl com- 
pounds (111, hut the reactions of the two types of derivatives seem to lie 
similar. 


3. Benzoyl Derivatives 


The Schot ten- Baumann reaction (action of Ix'nsoyl chloride and so- 
dium hydroxide) has been used for bcnzoylating the hydroxyl groups of 
carbohydrates.** Since the product obtained in tliis manner is usually a 
mixture of partially benzoylated sugars, the method ordinarily is modified 
by the use of benzoyl chloride and pyridine or quinoline.* 7 lienznylution 
lakes place with more difficulty than acetylation, and considerably longei 
reaction periods are required. 



BlCl 

C,H,N 


GHgOBl 

BioS^5L_!f^OBi(H) 

H OBI 


(l»z - C.ll.CO-l 

r>-(ilui‘UM‘ lYnlalienzuyl u alumm** (alpha ami 

1*1*1 n 


Hy the use o! substituted lx'iizoyl chlorides, denvatixes such :ls the 
|M»nlu-(p4)romol>eiizoyl)- and peiilu-tp-nitmlxmzoylM>-glueoseh have 1 l»eeii 
prepared Some of Ihcne aw* colored compounds ip-phenylazol>ciizoyl 
esters ) and have I omul use in tlip chromatographic adsorption method 
for the separation ol eniistituenlR of sugar mixtures and for miero- 
munipulutions (see p. 133). 

The iH'iizoyl sugars are quite similar in their properties and reactions to 
the acetyl sugars, and it frequently happens that, when a desired acetate 
ester cannot 1m* obtained in a crystalline condition, the benzoate ester may 
crystallize. They may In* converted to Ix*nzoylglycosyl halide* by methods 
similar to those for the ace tylgly cosy 1 halides, and the halogen may 1 m* 
replaced by R- <) groups (R - alkyl, aryl and acyl groups) as for the 

M K. M. Montgomery, It. M. Jlunii mu I ('. S. Hudson. J tm Chan Nor . 5f) 1124 
1 11)37) 

M X 11. Skraup, Monadh W , !HI5 (IKSpj, L. Kuenv, X phffriof ('him U. 330 
(1K00) 

17 K. FWlipr and H. Noth, Met , 5i t 321 (1018); P. \ Isevene and (» M Meyer, 
J. Mol. Chem. t 76 , 513 (1928). 
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acetyl analogs. As the compounds have not received tho same amount of 
attention that has been devoted to the acetate CBters, many problems re- 
main uninvestigated. With the exception of the monobonzoyltatose, which 
probably lias an orthobenzoic acid structure,' 1 orthobenzoates are not 
known. 

Wandering of aryl groups from an rsterified to an unestcrified hydroxyl 
occurs" for lienzoyl an well os acetyl groups. For example, n,L-l,4-di- 
bcnzoylgalactitol melts at 171 °0., but if held at this temperature the prod- 
uct solidifies to on isomer melting at 202° and which is 1,6-dibenzoyl- 
galarlitol." Hut, in general, bensoyl groups arc more stable than acetyl 
groups. The bensoyl derivatives of the free-aldchyde form of the sugars 
have been extensively investigated by Brigl and associates' 1 and are 
similar to their acotyl analogs. 

The use of boric acid has been suggested for the preparation of par- 
tially bcnzoylated sugars." Unimolar benzoyl ati on of glycosides and mer- 
captaLs results usually in preferential esterification of the primary hy- 
droxyl." 

Several partially bcnzoylated sugars and glucosides are naturally oc- 
curring. (Jriebel isolated a monobenzoylglucose (vaccinin) from the juice 
of bluelierrien (Vaccinium Vitis^idaea L.). It was shown by Ohle" prob- 
ably to be G-munobenzoyl-D-glucose. Populin, which is found in the bark 
of a species of poplar, was demonstrated by Uichtmycr and Yeakel" 
to be saJicyl (S-lienzoyl-d-glucoside : 


O CHgOH 

0-C.HwO,— 0CO-C.H, 
Populin (G-Tlen/oylmilirin) 


A non-reducing dilienzoyldisaccharidc containing glucose and xylose 
residues has liecn reported" as occurring in Daviana latifolia, an Australian 
shrub. 

From the biological standpoint, 1-monobenzoylglururonic acid is the 
most important benzoyl derivative. This compound occurs in the urino of 

M W.W Pigman and II. fl. Isbell, J. Research NaU. Bur. Standards, 19, 189 (1937). 

»• II. Ohio, Her., 67, 403 (1921); P. Brigl and II. Grtiner, Ann , 496, 07 (1032). 

“R.M llann.W D. Mac) ay and C Hudson,/ Am. Chrm. Soc., 61, 2432 (1939). 

11 P. Brigl and It MuhlHchlcgcl, Hrr , 63, 1551 (1930) 

n P. Brigl and II. (IrQner"; P. Brigl and II. Gruner, Ber., 67, I960 (1931). 

** T. Lieser and R. Srliwciior, Ann., 619, 271 (1935); N. K. Rirhtmyer and E. 
Yeakel, J. Am. Chrm Hoc , 56, 2405 (1934). 

"H. Ohio, Bwchrm Z., 181, 611 (1922) 

“ F. B rower and A II. Solway, J. Chem. Hoc., 106, 767, 1062 (1914). 
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dogs fed benxoic acid. Its structure was shown by the following evidence." 
Upon acetylation and esterification, the natural product gives a triacetyl 
methyl ester, This product is identical with that obtained by the reaction 
of 1-bromo-tctraaretylglucuronic acid methyl ester with silver benzoate 
and must have the lienzoyl group at carbon 1. 

4. Galloyl Derivatives and Tannins 

Certain tannins are probably gallic acid and digallic arid esters of glu- 
cose and of other sugars and derivatives. In order to provide evidence for 
the structure of the gallotaiuiuis, Fischer, Freudenberg and Bergmann" 
synthesized a number of these derivatives by the action of triacctylgalloyl 
chloride or itentoacetyl-m-digalloyl chloride on glucose. The acetyl groups 
were subsequently removed. These substanres may be represented by the 
general formula: 



Pentagulloy] ur puiitudi- tlullir Acid 
galloyl glurofto (galloyl- radical 
tannins) 


w -Digallic arid 
radical 


The synthetic galloyl and digallovl estern were not demonstrated abso- 
lutely os identical with the natural gallotannins, but the natural substances 
may be mixed esters of galloyl and digalloylglucose, in wliich case the 
number of isomers would lie so great as to make the synthesis extremely 
difficult. In addition, tri-, tetra- and poly-galloyl radicals might also be 
present in the molecule. Ksrrer, Salomon and Foyer*® suggest that the 
Chinese gnllotannin from the leaf galls of It hut mmialala is n mixture. 
Certain fractions have the average composition ol a nonugalloylglucnse 
with the nine galloyl groups attached together or to the sugar residue, 
possibly as four digallic acid und one gallic acid although other combina- 
tions may occur. For the Turkish gallotannin, obtained from gall nuts 
of certain oaks, the problem appears simpler since the molecule contains 
only five molecules of gallic acid ; the tannin is, presumably, tho penta- 

W. K. Goebel, J. Biol. Chem., 1B8, 64!) (1037-38). 

11 E. Fischer, B<r., 68, NIK) (191!)); K. Freudenberg, “Tannin, Cellulose and Lig- 
nin;” J. Springer, Berlin (1033)- 

“ P. Karrer, 11 it. Salomon and J lVyer, Helv. Chim. Artu, 0, 3 (1933). 
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gulloylglurose. lion ever, the substances are difficult to purify, and the 
natural substances an* clearly mixtures. These structures are questioned 
by Nicrcnstein.” The tanning properties of synthetic gallnyl esters of the 
sugars a iv very similar to those of natural gallotannins. 7l> 

Glurogallin obtained from the Chinese rhubarb bv Gilson has I teen 
identified 71 through synthesis as 1 -ga lloyl-0-D-glucose . 

The bark or the North American shrub Hamamclm virginirn contains 
in addition 1o other tannins, alsmt 1 to 2 tier cent ot crystalline hama- 
meli-tunnin (I) 17 The sulislancc lias the composition of a digalloylhexose, 
and on acid or enzyme hydrolysis, it gives two moles of gallir acid and one 
mole ol an unusual hexose, hauuunelosr (11). As shown by i<H reduction 
to 2-methylpcntanoir arid (III), the sugar must haw a branched chain 7 “ 


H 2 ( 1 OC , OC , t H.(OHh 

If, COII 

oil, 

HOC 1 -- -CHOU 

l i 

HOC -CIIO 
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OH— COOH 
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CHOIll 

srr* choii ^ on. 
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i l 

('ll O 

choh 

OH. 

| 

iijroror.Hjioii) 

1 

lljCOH 

Oil* 

(i) 

(II) 

an) 

The configuration of rarbon atoms 3 and 4 must lie the samp as in i>- 

ribosc and n-urabinosc, for hamamelonic acid has 
»-anihuloHr by the following procedure: 

been wynHiesized from 

CIljOH 
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(IV) 

(V) 


Of the two products formed, one is identical with hamamelonic acid, ob- 
tained by the oxidation of the sugar. On the basis of a comparison of opti- 

"M Niereiistein, C W Spins nnd A. C Hadley, ./ Am Chtm. Hoc , $7, 1728 
(1926) 

'• \. It unwell, W (i Tehttnis and W. F. Arey, J. Am. Chtm. Sot., 86, 1472 (1043), 
A Jtinwrll and W. (1 Teblwiw. iMri , 88, I860 (1044). 

71 E Fischer and M. Bergmann, Her., 61, 1786 (1018). 

» 0 Th. Schmidt. Ann., 478, 260 (1920) 
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nal rotations, it seems likely that the utmcture of the arid is given by (V), 
and hamamclnse in 2-C-hyd roxymethyl-D-rihoso . T ' The only other known 
hranched-ehain sugar of natural origin is apioae from the glycoside apiin 
(sec Chapter XI). 

5. Other Organic Esters 

The sugars and their derivatives have been esterificd with many other 
organic acids.’ 4 Among these an* the fatty acids and cinnamic arid. 74 Mosi 
of the pruduels have ln*en made by the action of acyl halide^ and pyridine 
on sugars. The fatty arid esters are similar in properties to the imturul 
fats, the glycerol esters. 

Considerable interest has been shown in the partially esterified niters 
of the sugar alcohols and their anhydrides because of their surface active 
properties. For this reason, the methods of preparation have received 
much study. 7 ' (For additional discussion, set* under Carbohydrate Inner 
Fillers. ) 

Tlu 1 monopalmitate of ascorbic acid 1 '" 1 has been prepared by a method 77 
that has liccn applied only to a few other carlsiliydnites. The method 
consists of reacting ascorbic acid and fatty acid in 95' | sulfuric acid at 
mum temperature. Since the esterification is reported 1u take plan* for 
primary alcohol groups, 7 '* 77 the method may have value in the preparation 
of other pure monoesters. The monoesters of ascorbic acid offer consider- 
able promise as antioxidants for edible fats and oils. 7 * 

The ease ul crystallization and the stability under mild conditions of 
hydrolysis has created interest in tin* sugar rarbanilatcs. These deriva- 
tives an* made by the reurtiun of carbohydrates with plienylisocyanate in 
pyridine solution. 7 * 

O 

Ht'OU y?*"£S IK’OCNU-tMl 

I I 


7 M) Th Kclmmll and K. IIimuIi, 1 hh , 5/5, 77 (I934« 

M KrttwiiiTh to IIiphc rom pounds mil 1 »p found in the handhnokN on HURar choin 
lbiry. 

78 K Hutu* ami K. Mriwuici, Bti , 64% 51M# ( J!>21 ; , S. Odfri, Arktp Ktmt, Wtnentl 
f/rn/,, 7, No. 15 ilOlSI ; Xemplln and E J^tazlri, Bet., 48, 915 (1015) 

78 U. A. (loldhinitk, Chnw. Revs., 55, 257 (1943) 

781 D. Rwcm, A. J. Rtirton. J. Turrr and P. A. Well**. Oil it* jScwp, 80 , 224 (10431. 

77 W. H Bloor, J. Biol. Chtm 7, 427 (1010); //, 141, 421 (1012). 

7> R W Kii'nionHfluiHdpr and J. Turn*, V R Patciit* 2,3K3'M5-1G, Aup 
1045. 

T * H. Tnwnin , tfn.,/5,06h (1885). Bpo hIho: W. M. Hearon, (» D.lliati huiIC It 
Fordyw, J Am Chrm Soc., 68 , 905 (1944). M. L. Wolfrom and l). E. Pletrht-r, iM., 
62, 1151 (1940). 
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Polymerisable esters of sugars are made by treatment of sugars with 
methacrylic anhydride and pyridine. 80 

I I 

HOOH HOOCO— C(OH,)— CH, 

| 4 (CH,=CCH,COhO > | 

neon HCOOO— C(CU,)=C1I: 

Solutions of glucose pentomethacrylate gel in the presence of cobalt 
naphthenate or of benzoyl peroxide. 

6. Tosyl and Mesyl Derivatives 

p-Toluenesulfonic u (tosyl), methanesulfonic 88 (mesyl) and other organic 
sulfonic esters have been prepared. The tosyl esters, which liave been 
particularly well studied, exhibit certain unique charnel eristirs which 
moke them of great importance in synthetic and analytical organic chem- 
istry. Presumably, the other sulfa! c esters should have analogous proper- 
ties, but they have not received enough study to make this certain. Prep- 
aration of sulfate esters Is accomplished by treatment of a carbohydrate 
with a pyridine solution of an uryl or alkyl sulfonyl chloride (RSOjCl) 
or with 50 percent sodium hydroxide and Ihc sulfonyl chloride at room 
temperature. Under these conditions, all of the hydroxyl groups may lie 
esterified except those on the reducing (anomcric) carbons wliich are 
replaced by halide atoms. Thus, glucose gives tetralosylglucosyl chloride. 
The primaiy hydroxyl group seems to Ik* more easily esterified than the 
secondary hydroxyls. 8 ’ 

The tosyloxy groups wliich esterify primary hydioxvl groiqis may be 
replaced by an iodine atom when the ester is heated with an acetone or 
acetonylacctone solution of sodium iodide. Tosyloxy groups esterified 
with secondary hydroxyls usually remain unaffected by this treatment 
unless contiguous to a similar group esterified w ith a primary hydroxyl- 81 
When the latter eondition exists, both groiqis may 1 m* removed with the 
formation of a double bund : 

II I I I N.. I 

lie— 0 N»l JTC— 0 , 110 OTh -— CIl 

i - i , n 

HjCOTh H|CI IIjCOTs CIL 

80 11. H. Treadwuy and E Yanovsky, J . Am . Chem. *S or , 07, 1038 (1915); W. N. 
Haworth, IT Gregory and L F. Wiggins, J (Vwm Sor , 4RS (1940). 

81 K. Freudenbrrg, 0. Burkhart and E. Braun, Be r. t 59, 720 (1926). 

M B. Ilelferich and A Gnurhtel, Her 71, 712 (1038) ; B. llelfrrirh and H. Jochinke, 
ibid., 75, 1049 (1940) 

“A. Bernoulli and H. Stauffer, Ifeh. Chim Arfa, 95, 615 (1940); J. Compton, 
J. Am. Chem . Soc , 00, 395 (1036). 

84 R. M. Hann, A. T. Ness and C. B. Hudson, J. Am. Chem . <S oc , 00 , 73 (1944). 
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Creation of a double bond also may occur when there is a free hydroxyl 
adjacent to a tosyl group at a primary alcohol grouping as in 6-tosylglu- 
cofuranosides.® Exceptions to the rule arc the tosyl esters of isomannide 
and isusorbidc; the tosyloxy groups of these compounds, although cMeri- 
fying secondary hydroxyl groups, are replaced with iodine under the above 
conditions (see under Isomannide). 

The difference in ease of replacement of tosyloxy groups esterified with 
primary and secondary alcoholic groups iR used to measure quantitatively 
the primary groups in a compound. M Thin is done by tosylation of the 
material ; treatment of the ester with sodium iodide replaces the tosyl 
groups esterified with primary alcoholic groups; (he iodo compound is 
treated with silver nitrate, and the iodine atoms are replaced quanti- 
tatively with nit rate groups ; the liberated iodide precipitat es as silver iodide 
which may lie determined quantitatively. 
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The yield of the iodo compound or of the p-toluencsulfonic acid is high and 
has been used for the determination of the nature of the alcoholic group 
in the parent compound. K? The replacement, of a tosyloxy by a nitro group 
is also brought alxiut directly by heating the ester with silver nitrate in 
acetonitrile solution. Since the nitro group can lx* removed with the forma- 
tion of a free hydroxyl group by reduction with iron dust and glacial acetic 
acid, mixed aryl derivatives may be prepared (see under Nitrates). 
The mesyl esters (CII 4 SO s OR) may lie carried through a similar series of 
replacement reactions, and for these esters it is also possible to replace 
with iodine some of the mesyl groups which esterify secondary hydroxyls. M 

Secondary tosyl groups are difficult to remove, but the removal may 
often lie accomplished (without the complications mentioned below) by 
treatment witli sodium amalgam in alcoholie solution. 88 By the usual 
means (alkaline hydrolysis or action of sodium methylate), the deacyla- 
tion proceeds with difficulty, and Walden inversions take place. Kenyon 
and Phillips 80 have shown that the alkaline hydrolysis of the tosyl pstcr of 
on active alcohol leads to an alcohol with a different sign for the rotation. 
In contrast the hydrolysis of the acetate yields an alcohol with the same 

h * II J. Hell, E Friedmann ami S. Williamson, J Chim.Hor., 252 (1937) 

*' J. W H. Oldham and J. I\. Ituthrrlord, J. Am. Ckrm. Sw , 64, 366 (1933). 

» W. T Hankins, H. M. Hanu and (' H. Hudson, J . J m. Chan Soc.,64 , 132 (1912). 
h. Hess and Iv E. Neumann. Oer., 7i. 119 (1039). 

•* J. Kenyon and II. Phillips, I ran*. Faraday Soc., id, 451 (1930j. 
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sign for the optical rotation. Thews transformations are illustrated for the 
active 1 lenzylmethylcarbinols . 98 In one of the two hydrolytic reactions an 
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invention ol eonJigurotion must 1ih\o taken place. 'Fhe change of sign pro- 
duced during the hydrolysis of the tosyl ester is probably indicative of « 
Walden inversion. The difference between the two reactions lies in the 
point at which the hydrolysis takes place. For the aectatch, the c)cti\agc 


occurs between the acyl group and the oxygen utoni 



while tor 


the tosyl esters, it takes place between the alkyl radical and the oxygen 
bridge At-j-0 Ts ). The Walden inversion takes place when the group 


attached immediately to the asymmetric center is removed. Other groups 
whose removal are likely to lead to Walden inversions are: halogen, other 
sulfate, amino and nitrate. 

The tosyl derivatives of the sugars differ from those of the simple alco- 
hols in the possible presence of other hydroxyl groups on neighboring 
carbon atoms. During the hydrolytic reaction, the oxygen atom of a 
neighboring hydroxyl group may compete with that of the hydroxyl groups 

•• H. Phillips, J. Vhem. Soe , 1*8, 44 (1923) 
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of the solvent in replacing the tosyl group. The intnunoleeular reaction 
leads to the production of an anhydro nugar, t.e., a secondary oxygen ring 
is produced between the carbon to which the tosyloxy group liail lx>en 
attached and n neiglihoring carbon. Since thin ring formation takes place 
with invention of configuration, the anhydro sugar u> a derivative of a new 
sugar. Thus, the hydrolysis of the tosyl derivatives of the sugars frequently 
leads to the formation of derivatives of new sugars. This is of partirulai 
importance for the synthesis of the rare sugars and us a possible explana- 
tion of certain biological intereou versions of the sugars surh as the m rivo 
transformation ot glucose to galactose and the synthesis of l&rtosc by the 
mammary gland. The transformation of glucose to galactose has lx<en 
carried out by the hydrolysis of tosyl derivatives of glucose. Thus, the 
methyl 2,3-dihenjioyl-4-tosyl-<i-trityl-a-D-gfMropyranoside yields a 3,4- 
anhydrogafricfosiric which upon hydrolysis is converted to a galactose 
derivative accompanied by a gulose derivative." Since the anhydro ring 
may he broken at cither oxygen Ixrnd and since inversion takes place at 
the carbon which loses its electron pair, derivatives of two sugars are 
usually formed in the hydrolysis of the nnhydro ring. 
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The* rare Hugur D-altroHC nmy be prepared from D-glucoHe by the iollow 
ing Horiea of react ionR. q -' 

Mel Ini 2 3-ditosvl I 0 l>eiiaylideiie-a-glucoflide (I) 
j NaOKt 

Mot In l 2,3 aiihvilrii 1,0 Ikmi^ lid<*m*-a-i> allosido (II) 


^ KOH 

Methyl 4,6-bfn/yJidcne-a u alt ruKidr + Methyl 4,6-ben£yJidenp-a gluroside 

mu trvj 

i”' 

Methyl a altruflidp (V) 


“J.W 11 Olclliain and (1. J Robertson, J. Chem 8oc. t 085 (1035) 

M O. J. Roliorlsou and C. F. Griffith, J Chem. Sue,, 1103 (1035), N. k Rirhlmyer 
and C. 8. Hudson, J Am Chetn *W., 8S t 1727 (.1041) 
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C g H a C.H, 

iif) (Hi) (T) 

The transformations from one sugar to another which result from the 
saponification of tosyl esters are of ronsiderable importance for the prep- 
aration of the ran 1 sugars. Some of the intercon versions which have t>een 
carried out are: 

D-Glucuse to D-gulose and n-galactose derivatives . 91 

D-Glucose to D-altrose derivatives . 92 

n-Glucose to D-idoso or L-idose derivatives . 94 

D-Fructose to D-sorbose derivatives . 95 

L-Rhamnosc to C-desoxy-n-allose derivatives . 96 

n-Galactose to D-idose derivatives . 97 

After extensive investigation, Ohle and Schultz 9 * concluded that an 
cthylcnc-oxide ring is formed during the alkaline hydrolysis of tony] 
esters of sugars only when the hydroxyl and tosyl groujis on adjacent car- 
bon atoms are Irans to one 1 another. When this condition is not realized, 
the compounds are very stable to alkaline hydrolysis . 99 The question of the 
removal of tosyl groups without simultaneous Walden inversion is not 
definitely answered, but it seems probable that removal without inversion 
may take place under severe hydrolytic conditions , 100 particularly when the 
formation of anhydro rings is impossible. Although the ethylene-oxide 

" A. Mtillcr, Her , 68, 1094 (1935). 

94 W. Lake and 8, Peat, J. Chtm . Roc., 1009 (1939); A. S. Meyer and T. Reichstein, 
Helv. Chim. Acta , 29, 152 (1946). 

94 H. Ohle and F. Just, Her., 68, 601 (1935). 

N P. A. Levcne and J. Compton, 7. Biol. Chem., 116 , 109 (1936). 

97 L. F. Wiggins, 7. Chem . Soc., 522 (1944). 

"H. Ohle and C. A. Schultz, Bcr., 71, 2302 (1938). 

19 A. Mtlller, M. M6ricz and G. Vcmcr, 7fpr., 72, 745 (1939); D. J. Bell and S. 
Williamson, 7. Chem . Sor., 1196 (1938). 

100 G. J. Robertson and D. Gall, 7. Chem . #Sfoc., 1600 (1937). 
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ring is the usual ring formed, other types have been reported. By treating 
methyl 3-t(wyl-trmcetyl-/3-D-glucopyraDOHide (I) with sodium methylate, 
Peat and Wiggins 101 obtained, in addition to methyl 2,3-anhydro- and 
3 , 4-anhydro-0-alloside (IT and III), the methyl 3 , (i-anhydro-d-glucuoide 
(IV) 
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Tin* iK'hauor is in rout vast to that oi 3-tosyl-mouoacetone-glucotu- 
tanose which is saponified undci the ".unitor condition* without Walden 
imcision or anhydro ring formation. 102 The difference in the lieh&vior of 
the two 3-tohyl compounds niises liom the presence in the former case of a 
free hydroxyl adjacent to the tosyl group. The formation of the 3,0- 
anhydro derivative probably takes place by a lurthcr reaction of the pri- 

""S Prut mid L F Wirrio*,, J Clutm Sot , 10SS, 1810 (1038), W \. Haworth, 
I. \ Owen anil F Smith, ibid , 88 (PHI) 

»D. Ohio and W. Wilcke, Bir , 71, 2316 (103S). 
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maty hydroxyl group at carbon 6 of the anhydroallosides (II’ or III). 
Otherwise, it would he necessary to postulate a reaction between the ei> 
groups at earbon ntoms 3 and 6 of (I) that would not involve n Walden 
inversion. 

INORGANIC ESTERS 
I. Nitric Acid Esters 

Carbohydrate nitrates have considerable importance as explosives. 1 " 
Cellulose and, to a much lesser extent, starch nitrates are used us smoke 
less powders. Nitrates of the polyols, particularly glycerol and mannitol, 
are the most important eatere of the lower carbohydrates. In conjunction 
with nitroglycerin, sucrose octanitrate has found use. (Polysaccltaride 
nitrates are discussed in more detail under the individual polysaccharides. ) 
Because of the difficulty of stabilizing the nitrates of sugars, (heir use ss 
explosives has ^ot been developed extensively. 

The nitrates ot simple sugara and glycosides have been prepared by Will 
and Lenze IM by allowing a mixture of nitric acid and sulfuric acids to re- 
act with sugars or glycosides at 0°C. Nitric acid alone effects only partial 
nitration. Alpha and beta isomers are prepared in this manner. 

C.H,0,(N0,J, 

The halogen atoms of acetylglycosyl halides (or of acylglycosyl halides 
in general) may be rcplared with nitrate groups with the production ot 
alpha or l)eta 1-nitro acetyl sugars. 1 " Similarly, halogen atoms or losyl- 
oxy groups esterifying primary alcoholir groups (c.g., 6-hologcno-glurosc 
derivatives) ait* substituted by nitrate groups by reaction with silver ni- 
trate. The amount of silver halide produced has Iwon used for thp estima- 
tion of primary alcohol groups (see p. 171) Since the nitrate radical 
may lie converted to a hydroxyl by redurtion with iron dust and acetic 
acid (or indirectly for nitrate groups in terminal positions by reaction with 
sodium iodide) the nitrates are often useful for the preparation of partially 
substituted sugar derivatves."- •" 

Alkaline hydrolysis of nitrate groups takes place preferably in a manner 

1N For a general discussion, see: T. L. Davie, "Chemistry of Powder end Explo- 
sives,” vol. II, p. 191; John Wiley, New York (1943). 

»•* W. Will and F. Lense. Her.. SI, 68 (1898); J. A. Wyler, U. 8. Patents 2,039,046 
and 2,089,046, April 28, 1936 

1N Z. H. Rkraup and R. Knunann, MonaUh., tS, 1043 (1901); W. Koenigs and K 
Knurr, Ber., 94 , 974 (1901); A. Colley, Compt. rend., 78 , 436 (1873) 

•"D.J. Bell and R. L. Ryngc, J. Chem Soe., 1711 (1937); 833, 836 (1938); J. Dewar 
and O. Fort, ibid., 492, 496, 499 (1944); J. W. H. Oldham, ibid., 2840 (1925). 
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analogous to that for the tosyl eaten ; i-e., by replacement of the — ONO, 
group rather than the — NOj groups. Evidence for such a mechanism ia 
given by the formation of methyl 3 , 6-&nhydro-£-glucoeide by the *Uraiitu» 
hydrolysis of methyl 2,3 ,4-triaoetyl-6-mtro-0-glucoside. Aa is also the 
case for the tosyl derivatives, simple replacement of the nitro group by a 
hydrogen takes place only when anhydro formation is not possible. 1 *' 
The alkaline saponification of nitrates has been studied particularly for 
the cellulose nitrates. 1 ' 1 Marked decomposition occurs, and nitrites, am- 
monia, cyanides, carbon dioxide, oxalic add and various hydroxy adds 
are among the final products. Under reducing conditions, particularly 
with alcoholic ammonium sulfide, cellulose and other carbohydrate ni- 
trates are smoothly hydrolysed. It is interesting that (me nitrate group of 
mannitol hexanitrate is removed by the action of dry pyridine. 

2. Sugar Carbonates 

The sugare react with methyl (or ethyl) chloroformate at 0®C. in the 
presence of alkali to give mixed carbonate and carbomethoxy (or carbo- 
ethoxy) esters. 1 " The carbonate structures resemble those of the isopro- 
pylidene derivatives as shown in the formulas. 
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In the presence of pyridine and methyl or ethyl chloraformate, the sugars 
are converted to fully acylated carbomethoxy or carboethoxy esters. 111 

A better method for the preparation of the carbonates utilizes the action 
of carbonyl chloride (phosgene) at 0 e C. on pyridine solutions of the sugara. 
By this method, glucose, fructose, mannose and arabinose dicarbonates 
have been obtained. 111 

The carbonate groups, similarly to other acyl groups, are hydrolysed 
easily by alkalies and with more difficulty by acids. This difference from 

1,1 E. K. Gladding sad C. B. Purves, J , An. Chm. Soc.. 69 , 70 (1944) . 

1,1 See : J. Barsha, in "Cellulose and Its Derivatives," E. Ott, editor; Intencienpe 
Press, New York (1943). 

C. F. Allpress and W. N. Haworth, J. Chm. Soc., IIS, 1223 (1924) 

»• G. Zempldn and E. D. Ldsild, Ber., 0, 921 (1915). 

J » W. N. Haworth and C. H. Portor, J. Chm. Sec., 151 (1930); 2795 (1929). 
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the properties of sugar acetals (e.g., the isopropylidone sugars) is used 
advantageously for the preparation of the glucafuranosidcs (see Chapter 
V). Because of the hydrolytic action of hydroxyl ions, the mothylation 
procedures cannot lie used for the elucidation of the structures of these 
compounds, but it is usually considered that the sugar carbonates are 
analogous in structure to isopropylidene sugars (acetone sugars). The di- 
carbonates of several common sugars liave been given the following struc- 
tures: (ilurofuranosc 1,2-5,0-dicnrbonule, mannofuranose 2, 3-5 , (1-di- 
carbonate, galarto- and arabino-pyranose 1,2 3,4-dicarbonate, fructo- 
pyrunase 1,24, 5-dicarbonate. 

A carbonate group and an isopropylidene group may be introduced into 
a sugar molecule in a single slop by carrying out the rrartian with carbonyl 
chloride in dry acetone solution. Xylose under these conditions gives 1 ,2- 
ieopropylidene-D-xyluse 3,5-carbonate although galactose yields diiso- 
propylideue-(i-(chloroformyl)-D-galact<)Re. l,/ Treatment of the munuosc 
dicarbonate with thionyl chloride gives the 1-rhloroniuunosc dicarbonate. 

When the sugar molecule contains only one free hydroxyl group, two 
moles of the sugar derivative may react with one mole ol carbonyl chlo- 
ride . ll * The tolluwing iormulus illustrate the reaction ot 1 ,2,3,4-tctra- 
acetylglucose and phosgene to form di-(l,2,3,4-tetraacetylglucose) (i- 
earbonate. 


o 
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3. Phosphate Esters 


The phosphate esters of the sugars arc* ot grout biological importance 
since they act as intermediates in the breakdown oi glycogen to lactic 
acid in Ihe muscle (glycolysis), in the fermentation of sugars to alcohol 
and other products, and possibly in the oxidative (metabolic) processes 
in gpneial. They also occur as constituents of nucleic acids and of cocn- 
zymes which iu turn aiv closely related to vitutnins of the lt-eomplcx. 

As a group, the phosphoric esters of thr sugars arc strongly acidic liquids 
isolated in many instances as the crystalline barium, calcium, lead, sodium 
or alkaloid salts. They are usually stronger acids than fm* orthophoHphoric 
acid und neutralize two equi\ulcuts of alkali for each phosphate residue. 
Mixtures of hexose and triosc phosphates may be analyzed 114 since the 

"•W \ Haworth, C’ H Potlcr and A (’ Wain e, Mr Irar rhim., 57, Ml (1938). 
n *l) lioynoliK anil W 0 Krnynn, ,/ Am Chnn Sat , ff}, 1 110 (IM42). 
iH K Lnluniiiiii' Ann, Rev Biochtni, 7, 1 25 (1038; 
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latter a re hydrolysed at room temperature by alkali and the former usu- 
ally by N HOI at 100°C. 

Synthesis of Phosphate Esters. The most common method 114 for the in 
vitro synthesis dejicnds on the action of phosphorus oxychloride on sugars 
at low temperatures and in the presence of n neutralising agent or cata- 
lyst (pyridine, quinoline, carbonates or alkali). To prevent more than 
one hydroxyl from reacting, it is often necessary to block the other groups. 
Diaret one-glucose reacts under tlicse conditions to yield a 3-phosphate, 
which by preferential acid hydrolysis loses the isopropylidene residues to 
form n-glueose 3-phosphate. The method has been used by Levene and 
assoeiates 11 * in the preparation of many hexose and pentose phosphates. 
It is reported 117 that the method may be improved by the application of 
diphenylorthophosphoryl chloride. The resulting reaction takes place in 
a pyridine solution of hydroxyl-containing substances at room tempera- 
ture and the diphenyl esters frequently are nicely crystalline substances. 
The phenyl groups are removed by weak acids or by catalytic hydrogens - 
lion employing the Adams-Shriner, platinum-oxide catalyst. 

Phosphate esters of hexitol anhydrides have been made by trealm *nt of 
hcxitols with plnwphonr acid (sec under Carbohydrate Inner Ethers). 

Other methods are available for the preparation of the esters substi- 
tuted at the glycosidic carbon (carbon l of aldoses), and these ore of par- 
ticular importance for the synthesis of the important naturally occurring 
Cori ester. The reaction of silver phosphate with tetraaectylghicusyl 
bromide introduces the phosphate group at cnrtxm 1 ; deaeetylation gives 
the glucose 1 -phosphate" 8 (the so-rallcd Cori ester). This ester also can 
lx* prepared hv the action of the phosphorylaaes of potato extracts on 
starches in the presence of phosphate ions. 114 The enzymic method prob- 
ably is the l»est for the purpose. 

The crystalline dipotoxsium salt has l>ecn shown by periodic oxidation 
and synthesis of the beta isomer to lie the alpha pyranose isomer. 111 As 
pointed out by Wolfrom and Fletcher 111 the magnitude of the third disso- 

"‘F. Fischer, Be, , 47, 3103 (10141; t’ Xriiberg ami II. Poliak, Her., 43, 2060 
( 1010 ). 

M ‘ A. L. Raymond and P. A. Levene, J. Biol. Chrm., 83, 610 (1020) 

«» P lin'd and 11. Muller, Bit., W, 2121 (1030). 

»’ ('. F. Cori, S. P. Colowick and O. T. Cori. ./. Biol. Ghent., Ut, 463 (UM7); V 
J. Keithel, J. Am. (’ton. 8m-., 31. 1056 (10(5). 

»» C. S. Hanes, Croc. Royal Soc., B IS8, 421 (1940); B 138, 174 (1010); J. B. Sumner 
and (S. F. Somers, Arch. Biochcm , 4, 11 (1044); It. M. MeCrcadv and W. Z. Hassid, 
./. Am. Chrm. Sot., 88 , 500 (1044). 

Wolfrom, C. S Smith, I). E. Fletcher and A. E. Brown, J . Am. ('Arm Hoc. 
64,23 (1942). 

i« M. L. Wolfrom aod 1). K. Pleteher, ./ Am. Chem.Soe., 83, 1050 (1941). 
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datum constant of orthophosphoric acid is of the same order as that of a 
polyhydric alcohol, and the glucose 1 -phosphate should reenable the glu- 
coddes more than the true esters. This resemblance to the glycosides may 
explain the stability of the Cori ester to alkali. However, the glucose 
G-phosphate is less resistant to alkalies The glucose 1-phosphate prepared 
by Zervah m by interaction of tetroacetylglucosyl bromide and Rilver di- 
henxylphosphatr and subsequent reduction is the beta isomei ot the flari 
ester. 11 " The mannose and galactose 1-phosphates have also been prepared 1 ” 
by the Cori procedure 

Naturally Occurring Hexow Phosphates. Four hexose phosphates are 
of particular importanre because they are intermediates in the alcoholir 
fermentation of sugars and in the convention of glycogen to luetic acid 
(glycolysis) in muscle tissue. They have been isolated by inhibiting the 
reactions at the proper stages or by allowing yeast juice to act on sugars in 
the presence of inorganic phosphates. In the presence of the proper en- 
symes, they are interconvertible The four are: glucose 1-phosphatc (Cori 
ester— (1)), glucose 0-phosphate (Robison ester- -(II)), fructose O-phos- 
phate (Neuberg ester — (III)) and fructose 1.0-diphosphate (IJarden- 
Young ester (IV) I 
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Stiucluie of Haiden-) oung Eater Fructofuranosides are formed inrni 
the fructose diphosphate by treatment with methyl olrohol and hydrogen 
chloride and subsequent enzymic hydrolysis of the phosphate groups 1,4 
Since the original ester forms a hydrazone readily, and an osazone with 
the simultaneous loss of a phosphate group, (me of the groups is probably 

ln L SScivu, Vu(«i wiaatMfhaJten, t7, 317 (11139) 

l! * B P Colon irk J Biot Chttn . 114, 657 (1938), II Knatcrliti, Btothem J , 3i 
1087 (1939) 

1,4 W. T Morgan and 11 Robison, Btoelum. J., tt, 1270 (1928) 



attached at carbon l. 1 * The other group is probably at carbon 6,* for 
furanorideH but not pyranoeides may be formed. 

Robtaon Ester and Ne 'buy Ester, The Robison eater originally ob- 
tained w as a mixture of glucose and fructose monophosphates. 1 * A glu- 
cose 6-phusphato, synthesised by Levene and Raymond, 10 appears to be 
identical with the aldose portion of the original Robison ester. This con- 
clusion is substantiated by the synthesis of the other isomern: glucose 
I-, 3-, 4- and 5-monophosphates. 

It Beems probable that the ketose portion of the original Robison ester 
is identical with the Neuberg ester. Since the latter is obtained by partial 
acid hydrolysis of fructose 1 ,6-diphosphate, it appears to be fructose 6- 
phosphate. 10 

Cori Ester The synthesis of this ester, as described above, fixes its struc- 
ture as a-glucose 1-phosphate 

Other Naturally Occurring Esters. Fructose l-phosphate has been reported 
to lx* formed by the glyeogenolysiB of liver. 1 * 1 
The livers of rabbits fed on galactose yield as a result of alkaline hydrol- 
ysis a mixture of nonreducing phosphate esters. About 30 per cent is a 
galactose phosphate. The latter material probably is the galactose I- 
phosphnlc, for its rate of hydrolysis is close to that of the synthetic mate- 
rial. 1 " 

The action ot livei nucleosidase on inosine (hypoxan thine N-ribosidc) 
in the presence of inorganic phosphate and xanthine oxidase produces a 
ribose phosphate which because of its nonreducing properties probably is 
ribose 1 -phosphate. 1 ** The ester is hydrolysed easily by acids at room 
temperature This substance probably plays an important role in the bi- 
ological synthesis ot nucleosides, because it is converted to purine N- 
ribosidcs in the presence of purines and enzymes ot the phosphorylase 
tvpc 

The phosphate esters of tnoscs (glyceraldchyde and dihydroxyacetone), 
glyceric acid and pyruvio acid take part in the transformations of hexoses 
to lactic acid or ethyl alcohol such as occur in metabolic and fermentation 
processes ul Nucleotides, phosphate esters of nucleosides, are products of 
thp partial hydrolysis of nucleic acids and contain phoRphorylated n 
ribose residues (see under Nucleotides) 

W Young. Biuchetn Z , St, 177 (1011); A. v. Lebedev, ibwf , 38, 248 (1011 . 

'"ft Kobieou and E J King, Bioehm J., SB, 328 (1031). 

P A Levene and A L Koymond ,/ fttol. Chem., 89 , 470 (1030), 91, 7*1 (10311 
‘••J. Pany, Z phyaol Chem , ffl, 273 (1012) 

**• H W Koeterlite, Bioelusm. J., 97 , 318 (1948) 

H M Kalckar, Federation Proe., 4, 248 (1045) 
lu Hee J C Sowden and II O L. Fischer, Ann. Rev. Bioehm 11, 203 (1942 , 
h Lohmann, ibid , 7, 125 (1038) 
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It has been suggested 1 ” that the occurrence of D-rilxiec and other rare 
sugars may be explained by a Walden inversion during the dephosphoryla- 
tion of another sugar such as is known to take place during the hydrolysis 
of p-t olucncsulf onyl esters of sugars (sec Tosyl esters). Although exten- 
sively studied, no evidence con be adduced for this view, und studies’” 
of the mechanism of the alkaline hydrolysis of phosphate esters indicate 

that the linkage ruptured iH the -0^ and not the ^0 p 11^. The hy- 
drolysis is similar 1o tluit of the ucetutes rather than of llu* tosyl esters. 
A more likely source of natural Walden inversions would seem to lx* the 
sulfate esters or possibly the disarrharides. 

4. Esters of Arsenous Acids 

The sodium salt of diisopropylidene-glueose reuct« with arsenic tri- 
bromide to give n compound that is hydrolyzed to the 3-inctiuu , senite.’ M 
Unless the hydrobromie acid is neutralized, one of the acetone groups is 
removed to give (he moiioisopropylidenc derivative. 

5. Sulfate Esters 

Esterification 1 '" 1 results from the reaction ot carbohydrates with llSO^'l 
or SOjClj. Often, chlorine atoms as wtII as sulfate groups arc introduced, 
but in the presence of pyridine and at low temperatures chlorination ean 
tie prevented. The degree of estcrifiealion increases with increase in tem- 
perature. The sulfate 1 esters an* amorphous products, which eiui be ob- 
tained in a solid state as the salts of alkaline earth elements or of alkaloids. 
Some of the salts have been crystallized. 

When fructose is heated under pressure with bisulfite solutions, non- 
reducing fructose sulfonic acids ((’ — S linkage) nre obtained which may lie 
separated as crystalline brucine salts. 131 Such sulfonic acid derivatives of 
the sugars are of importance because they occur in the products of wood 
hydrolysis by the action of acids and bisulfites. Tn addition, sugar bisulfites 
are formed which have their maximum stability in the pll interval 4 to 7. 

lM It. ItobniHon, Nalurr, 120, 41 (1027). 

,J * J. Herbert and E. UlumcnthaJ, Nature, 144, 248 (1030); K. K and E. (>. V. 
Percival, J. Chrm. Bor., 875 (1045). 

1M P. J. DaughenhuuKh. II H. Patent 2,032,283, Feb. 25, 1038. 

IM P. C'laeRSOn, J. prakl Chrm., |2| 20, L7 (1879); C. Xeuberg ami L. Licbermunn, 
Hiorhtm. X., 121, 326 (1921); R. ITclfcrich, A. lAwa, W. Kippe and H. Itiedel, X. 
phymnl Chtm., 198, 141 (1023); Brr , SO, 1083 (1023); H. (1 V Percival and T. 11 
Routar, J. Chrm. Bar., 1475 (1940) 

M E ilagglunrl, II. Heiwiukel and T. Hcrgck, J. prukt. Chrm., |2J 1118, 2 (1043) 
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Since both types of derivatives are not fermentable by yeasts, they must 
be given a treatment with alkali before the hydrolysis products may be 
used for fermentation purposes, 

Cartilage, tendons, vitreous humor, corneas and other materials eon- 
containing the so-called mucins, mucoids and glycoproteins have a con- 
siderable content of carbohydrates and combined sulfur. Acids which have 
been isolated from these products have been shown by Levcne and asso- 
ciates 117 to be sulfate esters of oligosaccharides which yield glucuronic 
acid and glucosamine or galactosaminc on hydrolysis. Galactose sulfates 
probably arc constituents of brain lipides (see under Galactose). Polysac- 
charide sulfate esters such as heparin are described in Chapter XV. It in 
probable that these esters are quite widely distributed since many sources 
of enzymes which hydrolyze hexone sulfates are known. 111 

Tlie alkaline hydrolysin of the Rulfatc esters seems to proceed differently 
than for the corresponding tosyl derivatives. Instead of ethylene oxide 
rings, 3,6-anhydro rings preferentially are formed on removal of the sul- 
fate group, and no inversion of configuration takes place. Thus, whereas 
1,2-monoinopropylidcne-glucofuranose 6-p-toluenesultonatc gives 1 , 2 - 
monofeopropylidcne-SjG-anhydroglurose after trentinent with sodium 
methylate, the corresponding (i-nulfatc gives the 3 , (i-anhydro derivative 
after treatment with alkali. However, the cunvsponding 3-sullate is hy- 
drolyzed without the formation of an anhydro ring. 119 

6. Boric Acid Esters' 

Boric acid esters of the sugara am rather ill-defined but v. Y&rghu re- 
ported that when glucose is shaken in an acetone solution containing sulfuric 
acid and orthohuric acid (H 3 BOj) a crystalline 1 ,2-isopropylidenc-gluco- 
furonose 3,5-orthoborate separates. 14 " In the main, however, these esters 
are list'd for special purposes. They were used by Bocsckcn in his clasnical 
work establishing the configuration of carbon 1 of glucose (Chapter II) 
and have been employed for tlie preparation of partially henzoylated sugar 
derivatives. In the presence of aqueous borax, the sugar alcohols and sugars 
have rotations quite different from those for the aqueous solutions. 141 * 
The enhancement of the rotations in the presence of Inflates is of particular 
importance for the alcohols which otherwise have only small rotations. 

1,7 P A Levene, "llrvosaiuinrH. Their Derivatives, anil Mucins and Mucoids"; 
Monograph No IS, The Rockefeller Institute far Medical Rcnearrli. New York 
( 1022 ). 

1311 Cl. Frinnagcot, Eigeb. Enti/mf orach., 7, 50 (1038) 

"•E. G V. Pereivul, J ('him Sor , 110 (1045). 

“• L. v. Varghn, Hit , M. 704 (1033) 

1. Vi go mi, Com pi mid , 77, 1101 (1873), 7#. 14 s (1871); M. Murgior anil M K. 
Darmois, Mil X coni/i. intern rhim., t, 737 (1038). 

•For additional discuaaion, see p. 253. 



1H4 


CHEMISTRY Of THE CARBOHYDRATES 


1 ,3-Butyleue glycol and similar glycols react with boric acid, and the 
products formed can be distilled. The. composition and properties of the 
products Rhow that borate esterR an* formed. 

OH, Oil CH.O 

I I \ 

OH 11 ‘“' OH, B— on 

* ! 

ril.OH 011,0 

In the rase ol glycerol, triesters may be formed, and lor dietliylono glycol 
linear polymerisation seems to occur. 1411 ' 

Boric acid promotes the condensation of a- or |9-glucaee to products con- 
taining us many as ten or more dextrose units. 141 The reaction proceeds in 
the dry state when the sugar is blended with 5 percent of mctaboric acid 
and heated at 135 °(*. although the npiieurancc of. the crystals does not 
change. Apparently the boric acid does not enter into the combination, 
for it can he removed from solutions of the product. The nature of the re- 
art ion is not known. 

7. Halogeno Esters 

llologmo sugars oilier than the acylatcd glyrosyl halides (discussed 
earlier in this chapter ) have received only limited study. Halogen esters 
formed from the primary ulenhol group of sugars can lx* made hy several 
methods examples of whirli are given: 

1 . The prolonged action of liquid TIHr on pcntnacctylglucase to yield 
the 1 ,0-dibromo derivative. 141 

2 The splitting ot the anliydro ring of triaretyl-lrvoglucosan (1,0- 
anhydrogliicopyranosc) with Pltr 5 to give 1 ,C-dibromo-triacetyl- 
glucosc’ 14 (sec also under Carbohydrate Inner Ethers). 

:t. Thi* replacement with iodine of 7 )-toluenesulfonyl (tosyl) groups or 
nitrate groups by reaction with sodium iodide in acetone or acetonyl- 
acctone solution (see under Nitric Acid and ToHyl Esters). 

Halogen esters formed from the primary alrohol can be reduced to give 
“methylases” whirh have a terminal methyl group rather than a primary 
alcohol group. 

Other types of halogen esters are formed by the addition of halogens or 
halogen acids to uusaturated derivatives such as glycols and by the reaction 
of sulfurylehloriile with glycosides. 144 

»»> It k. Ripperc und V. K. LaMer, J. Phy a. ('Asm , 47 , 204 (1043) 

“« (1 J. Leurk [ T H Put cut 2,375,564, May S, 1945. 

IJ, K. Fischer anil IS. F Armstrong, Her., SB, 836 (1902). 

1,1 P. Karrcr and A P. Smirnoff, Htle. China. Acta, B, 121 (1922). 

114 E Fischer, M. Hcrgniann and II. Brhotte, Ber , BS, 500 (1020) ; B. llelfcrioh, G. 
Hprork and K. Beslcr, Ber . BS, 850 (1025) 
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Iodo derivatives of sugars and glycosides (including disaccharides ) have 
shown some promise as therapeutic agents. Following intravenous injec- 
tion, some of these derivatives are rapidly excreted through the kidney in 
concentration sufficient to render the kidney and allied structural more 
opaque to X-rays than surrounding tissue. 6-lodogulactose and methyl 
6-iodoglucoside show particular promise for this purpose. 141 

Halogeno esters of the polyols and anhydrides are discussed elsewhere 
(p. 262, 281 and 363). 

,M A. L. Raymond and E. Schroeder, U. 8. Patent 2,366,777, Dec. 26, 1944; 2,366,776, 
Dee. 26, 1944. 
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The eurbouyl group of augurs may react externally with alcohols to lorm 
glycosides (mixed acetals) or full acetals of the open-chain fonn. If the 
condensation is internal, glyeosiuis are formed vhirh are internal glyco- 
sides. Mercaptals and Ihioglvcosides are formed when mcrcuptans are 
employed instead of alcohols. These formal rebtionshiirs are shown in the 
accompanying formulas : 
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The carbonyl groups of aldehydes or ketones condense with pairs of hy- 
droxyls provider! by a carbohydrate to produce nlkylidenc or arylidene 
derivatives. These resulting comjwunds are cyclic acetals or ketals, vrhich 
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differ from glycosides and glycoaans in that the carbonyl group is supplied 
by a nonearbohydmte . 

Ankydro derivatives may be considered to l» of two general types: (1) 
glycosans (inner glycosides) for which water is split out between an ano- 
meric hydroxyl group and a primary or secondary alcohol group, (2) 
anhydrides (ethers), considered under Ethers in a subsequent chapter, 
whirli may lie considered to l>e derived by the removal of water between 
primary and/or secondary hydroxyl groups. 
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The mosl important ol these* derivatives an* the glycosides, for they arc 
widely distributed in plants and to a lesser extent in animals. Because the 
chemistry of the natural glycosides resides to a considerable degree in the 
nonearbohyilrate jmrtinn and in biochemiral aspects, the natural glycosides 
are discussed in a later chapter in ronneetion with enzymes (Chapter XI). 

1. Glycosides 

The glycosides may lie defined as aeetal derivatives of the cyclic forms 
of llu* sugars (normally pyranoses and turanoscs) in which the hydrogens 
of the hemineetal hydroxyls have been replaced by alkyl or aryl groups 
and which on complete hydrolysis yield a mono- or poly-hydrie alcohol or 
phenol and one nr more monosaccharides. Tn the older literature the term 
' ‘glucosidc” was used gcnericalJy for all such derivatives and was not con- 
fined to glucose derivatives. Present usugc restricts “glueusides” to the 
glucose derivatives whereas “‘glycosides” is used in the generic sense. Spe- 
cific glycosides are named by replacing the ending ‘‘use” of the parent sugar 
by "osidc” and by prefixing the name by the alkyl or aiyl radical and the 
symbol a or 0 to designate the configuration of the glycosidic (onomeric) 
carbon, e.g., methyl 0-glucopyruaoside. For more complex groups, it is 
sometimes mop* convenient to use the name of the alcohol or phenol rattier 
tbim the radical, e.g., hydroquinone a-galactoside. Many phytochcmical 



188 


CHEMISTRY Of THE CARBOHYDRATES 


names such as salicin and helicin are in use for natural glyoosides although 
chemical names usually are to be preferred since they indicate the struc- 
ture and facilitate classification. However, the shorter names offer the 
advantage of brevity and frequently indicate the source of the glycoside, 
e.g., salicin from Salix. For convenience, the alkyl or aryl group is often 
referred to as the “aglycon group" (less preferably as the “aglucane group") 
and the corresponding free phenol or alcohol as the “aglycon" (or “aglu- 
cane"). The sugar radical is the “glycosyl” group. 1 

Di-, oligo- and poly-saccharidcs have glycosidio linkages and are to be 
included among the class of “glycosides." For these compounds, the aglycon 
group is a sugar radical (see under Oligosaccharides, p. 427). Glycosans 
ore inner glycosides for which actualization has taken place completely 
within a single sugar molecule. 

A. Methods For Synthesis. The first successful synthesis of glycosides 
was carried out by the American chemist Arthur Michael. The synthesis 
was accomplished by the interaction of tetroucctylglucoByl chloride and 
the potassium salts of phenols. 2 Under the conditions of the reaction, acetyl 
groups are also removed, and the glucoside is produced. 

lit' — CM | 

I O KUCiHjOCH, 

I ICO At | 

Fischer, in an attempt to synthesize the acetals of the sugars by the action 
of methyl alcohol and hydrogen chloride, found that only one methyl 
group was introduced per mole of sugar and that he had obtained the 
methyl analog of the natural glycosides. 2 The Michael synthesis can be 
applied only to condensations with phenols and tlie Fischer synthesis 
applies only to alcohols. Koenigs and Knorr, however, by utilizing their 
letraaectylglucosyl bromide, silver carbonate and an alcohol or phenol 
(under anhydrous conditions) provided a procedure applicable to the 
preparation of both alkyl and aryl glycosides. 4 The above methods, their 
modifications and new methods have been widely applied to the prepara- 
tion of glycosides. These methods are considered separately below in more 
detail. 

1 The tend 1 1 Blycosyl” will be used for the sugar radical obtained by removing the 
hydroxyl of the anomerie carbon (carbon 1 of aldoses). “Oly condo” will be used 
1o refer to the radical obtained by removing the hydrogen from the hydroxyl group 
of the anomoric carbon. 

4 A. Michael, Am. Chtm J., 1,807 (1870); 0, 336 (1885) ; Compt. rend., 80, 855 (1879). 

> E. Fischer, Bar., 00, 2400 (1893); 00, 1145 (1895). 

4 W. Koenigs and E. Knorr, Bar., 84, 957 (1901). 
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a. Fischer Method 

Aldehydes end ketones react in anhydrous alcoholic solutions of hydro* 
gen chloride with the formation of acetals and ketals, and the simplest 
members of the sugar series, glycololdehyde and glyccraldehyde. react 
similarly. The cyclic sugars, which are already hemiacetafa, under these 
conditions establish an equilibrium in which the alpha and beta pyrano- 
sides and furanasides predominate, and probably the true acetals, glyconans 
and oligosaccharides are present in small amounts. y-Hydroxy aldehydes 
such as y-hydroxyvaleraldehyde, act similarly and create ogygen rings by 
intramolecular acetal formation.' The furnnow forms of the sugars seem 
to react the most readily, but the pyranosides are the principal eonstitu* 
ents under equilibrium conditions. Hence, if the furanoeides are particu- 
larly desired, the reaction is carried out under mild conditions at room 
temperature. At the boiling temperature of tbe sohent, equilibrium is 
usually attained after 3 to 24 hours for hydrogen chloride concentrations 
of 0.5 to 1 



Levene, Raymond and Dillon' have made a detailed study of the changes 
which lake place during methyl glycoside formation, and their dnta are 
summarized for a number of common sugars in Figs l , 2 und 3 

The composition of the reaction mixture was determined by analysis for 
reducing sugars before and after hydrolysis under strongly aridir conditions 
(pyranosides and furanoside6 hydrolyzed) and undn weakly acidic con- 
ditions (furanosides hydrolyzed). 

As will be noted from Fig. 1 , furanosides appear to be formed in the fits! 
stages of the rcuction, but their quantity decreases in the latter stages 
On the other hand, the proportion of pyranosides increases progressively 
with time. The quantity of furanoside varies greatly with the nature of the 
augar and seems to bo particularly great for riboee. The values lor fructose, 
and possibly other sugars, should be interpreted with caution because the 
difference in ease of hydrolysis of some furanosides and pyranosides is 
small (see later discussion of ease of hydrolysis of glycosides). 

It seems probable that the dialkyl acetals are formed under the same 

■ B Helfench and F A Fries, Be, , 68, 1240 iliUS) 

‘P A Levene, A L Raymond and It T Dillon, J Btoi Chan , 05, tiW (l'J'Ui 
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conditions as for the glycosides but that the equilibrium favors the forma* 
tion of the mixed acetals (the glycosides). In methyl alcohol which con- 
tains hydrogen chloride, the glucose and galactose dimethyl acetals yield 
the corresponding pyrunosidcs . 7 For the glucosides, mannosides and galac- 
tusides, the alpha pyraniMe form predominates over the beta in the equilib- 
rium mixture. 
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(Alter Lcvcnc, Raymond :iml Dillim ) 

Fit.. 1. CmiiiiDsition of solution during glyrohidc formation at 25°C. in methyl alro- 
Jiol rout .-lining 0 5 per rent hydrogen chloride 


The Fischer procedure is particularly good for the preparation of the 
alkyl pyranosides although a few crystalline furonosidcs have Ireen ob- 
tained in this manner . 11 Better methods for the furunosides are dcscrilicd 
later. 'Hie disaceharides an* partially hydrolyzed under the conditions of 
glycoside formation as am also the acetyl groups of aeetyluted sugars. 
Since the acetylatcd sugars are more soluble in alcohols than the free 

T 11. A. CampMI and K. P. Link. J. Mol. Chen , Hi, 035 (1038); M. L Wolfram 
and «. XV Waisbrot, J. An. Chem. Sue., 81, 1408 (1039). 

■ E. M Montgomery and (' 8 Hudson, J Am. Chen. Sor , 89 , 002 (1937). 
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rogam, they may be the best materials to use for the preparation of the 
glycosides of difficultly soluble sugars. 

Acid catalysts other than hydrogen chloride that hav" liecn suggested* 



TIME- (HOURS) 

(Altm IjPveiic, JUymontl anil Dillon ) 

Fig 2 CtinnKCh in the rot.itory powci (|«] B ) of solution of HU/tm in methyl jloohol 
rout dining 0 5 pi r rent of hvdroRen chlondr (/ “ 25° or 7ft“C ) . 

for glycosidihcation are: hultuuc acid alone or with added bisuliate 01 
phosphoric acid, phosphoric acid alono or with added acid phosphate, 
perchloric arid, organic sulfonic acids such as lienzencsulfonic arid and 

’ fW. A (liwalu, U. 8. Patent 2 ..*56.305. Auk 22. l'»M 
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napbtbaJenesulfonic acid, and some carboxylic acids such as oxalic and 
trichloroacetic acid. Still others are : dimethyl sulfate, iodine, dodecyldi- 
methy lsulf onium iodide, ammonium chloride, ammaniun) thiocyanate, 
piperidine hydrochloride, hexadecylpyridinium bromide, boron trifluoridp, 




(After Levrnr, Raymond and Dillon ) 

Fir, ? Changes in the rotatory pemer ([oJd) of solutions of sugars in methyl ilrohol 
containing 0 5 per cent of hydrogen chloride (I ™ 25 or 76°C ) 


sulfanilic acid and sulfamic acid 10 These catalysts are used in concentra- 
tions from 0.001 to 1.0% by weight of the sugar employed. 

Because of the difficulty of reaction between long chain alcohols and 
sugars, it may be preferable to make glycosides containing active halogen 

"P L Salrbeig and J H Wernte, U 8 Patent 2,374,230, April 24 1246 
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atoms (e.g., 2-chloroethyt glucoside) and replace the chlorine atom by 
reaction with long-chain aliphatic acids or with phenols or amines. 1 

G1--OOH »— OH iCl + 11— COONa — Gl-OCHr-CHiOCOR 
b. Michael Synthesis 

As mentioned above, Michael in his original synthesis of the aromatic 
glycosides utilised the reaction between tctraacetylglucosyl chloride and 
the potassium salts of phenols. The utility of the method has been greatly 
increased by using the more reactive tetrauoetylglucosyl bromide and by 
carrying out the reaction in an alkaline aqueous-acetone ablution of the 
phenol. 11 This method is probably the most convenient one for the prepara- 
tion of phenyl glycosides, and yields the beta isomers. (For exceptions 
see under Arabinose and under Aoetylglycoeyl halides). Under the con- 
ditions of the modified procedure, the acetyl groups are not saponified, 
and the ocetylated glycosides are obtained. 

r. Koenigs-Knokr Reaction 

This method is particularly suitable for the preparation of 0-glycosides. 
ft involves treatment of an aoetylglycoeyl halide with the corresponding 
alcohol or phenol, in certain inert solvents when necessary, and in the 
presence of excess silver carbonate or silver oxide. 



H Me 


Penta&fctylgluroflvl bromide 


*B t CO a 

CHjOH 


CHftOAc 

H>— 0 0CHi 

a JS^lVh 

H OAc 

Methyl teiraocotyl^-glucoride 


When the halogen atom on carbon 1 and the acetyl group on carbon 2 have 
a Iran 8 configuration, the alkyl orthoacctatc is usually the main product 
but some of the aJphA and beta isomers are also produced. The mechanism 
of the reaction is discussed at another place. (See imder Aoetylglycoeyl 
halides). 

Many improvements in the original method, in special instances, are 
particularly valuable. 11 The use of “Drierite” (anhydrous calcium sulphate) 
is often beneficial. The presence of iodine may improve the yields. The 
aoetylglycoeyl bromides react at a lower temperature than the corre- 

11 C. Mannich, Ann., 894, 223 (1212); £. Fiecher and £. F. Armstrong, Btr., 94. 
2886 (1001); 88, 833 (1002); J. H. Fiaher, W. L. Hawkins and H. Hibbert, J. Am. 
Chem. Soc., 88 , 1412 (1040). 

11 D. D. Reynolds and W. L. Evans, J. Am. Chem. 8ae., 80 , 2660 (1038); B. Heifer 
ich and J. Goeidelcr, Btr., 78 , 632 (1940) ; C McCloakey, R. Pyle and G. H. Coleman. 
J. Am. Ckm. Soc., 88, 349 (1044). 
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sponding chlorides and are tu be preferred for most reactions, e.g., the 
longer-rhain aliphatic alcohols do not reaet with the chlorides under the 
usual conditions. If tho aglycons ore valuable substances, the use of an 
excess of the glycosyl bolide and of both silver oxide and quinoline is ad- 
visable. 1 * The benzoylglycosyl bromides often may lie used advantageously 
in place of the acetyl analogs. 14 

The previous methods based on the Koenigs- Knurr synthesis give the 
beta isomer almost exclusively in most instances when Ihc halogen of 
carbon 1 and the acetyl of carbon 2 have a ein relationship, but variations 
may be introduced bo that appreciable quantities of the alplia isomer are 
produced. 14 The application of mercuric acetate or of sublimed ferrir chlo- 
ride in place of silver carbonate enables one to control the ntnounl of the 
alplia isomer by fixing the ratio of the halide to the eatalyst. It has also 
been demonstrated tliat the utilization of quinoline at 100°(\ instead of 
silver carbonate fnvors the formation of the phenyl w-glycosides. 10 

Since the reaction takes place with Walden inversion, it would sewn 
applicable to the preparation of a-glyeosides if carried out with the aeetyl- 
ated 0-glycosyl lialides rather than with the* common alpha isomers. This 
procedure has succeeded in several instances, 17 but the instability of the 
ordinary acetylated (8-glycosyl halides limits its application. When the 
d-glycosidc is not obtained by this procedure, it. is prolmhlc tliat iut recon- 
version of the iHomeric halides takes place more rapidly Hum the replace- 
ment reaction face Acetylglycosyl halides ). 

d. Helferich Method 

The aeetoxv group on the first carbon of the acetylated aldoses is mmv 
labile than th^ other arctoxy groups and, as previously discussed (p. 162), 
is cosily replaced by a halogen atom to form the acetylglycosyl halides. It 
is replaceable, as discovered by Ilelferich and Hchniitz-IIillebrecht * by a 
phenoxy group when the acetylated sugar is heated with a phenol in the 
presence of an acid catalyst (zinc chloride or ;>-t olucncsulfonic acid). 

c.h.ocii | iicoap i ncoc.ii, I 

I O >11.011 I () CUIliOll t I 

11 CO Ac j II CO Ac I Z, ‘ 01 ’ ItCOAc 0 


11 Sw; A. Robertson uml It. It. Waters, J . Chrm Sur. f 2730 (1030). 

H J. W. II. Oldham, J. Am, Chcm. Sue , 66 , 1300 (1034). 

11 G, Zemplfci and Z. CsliruH, Ber, t 64, 003 (1931); G. Zrmplfo, Fortarhritiv Vhem, 
organ . Naiuntaffe, 1. 1 (1036); Ber. } 74 A> 75 (1941). 

11 E. Eischi*r and L. v. Mrchcl, Ber„ 49, 2813 (1016). 

11 W. J Ilirkinboltoin, J. Chem, Soc., 1076 (1020); W. F. GopM, F. II BntiorH 
ami O. T. A very, J, Exptl. Mod,, 66 , 761 (1032) . 

11 B. Helfpxirh and E, Srhirntz-Hillebrocht, Bet., 86, 378 (1033). 
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The method is particularly valuable for the preparation of tho phenyl 
a-glycosides, but unless the optimal conditions are found, considerable 
quantities of both isomers are produced. 1 ' However, tho use of p-tolucnc- 
sulfonic acid and a short heating time seems to fuvor the formation of the 
beta isomer whereas zinc chloride and a longer heating time favors the 
production of the alpha isomer. Tlie yields may be improved by removing 
the acetic acid by vacuum (list illation during the reaction." 1 * The phenyl 
a-glucosidc tetraacetate is the main product when equilibrium is estab- 
lished in the presence of zinc chloride and phenol. It is also possible to 
convert the ncetylated methyl glycosides to the phenyl glycosides under 
these conditions^' 1 ' (A modification of the method employs moist phos- 
phorus oxychloride us a ralalyst. 21 ) Synthesis of the glurosidcs of long chain 
monohydric alcohols by this method lias been claimed by II. Hertsrh and 
G. Rauchalles.'-’ 

e. Use of Si uau Mkrcacials 

Through variation of the conditions employed for the removal of the 
thionlkyl groups from sugar mereuptals (by the action of mercuric salts), 
pyrnnosides, furanosidcs, thioglycosidr* or arctAls may be obtained.” 
The method is particularly suitable for obtaining furauosiiles which arc 
formed under mild conditions especially in the absence of acids (presence 
of HgO). In aqueous solutions, the removal of a single thioalkyl group 
produces thiogly resides. In most instances, the acetals are formed when 
the hydroxyl groups are acctylated or otherwise blocked. The accompany- 
ing diagram illustrates t lie conditions employed for obtaining some of the 
possible products from galactose diethyl merraptal. 

SCIOCH^t 
i 

HCOAc 
I 

AoOCH 
I 

AoOCH 
HCOAc 
HfOOAc 

PenUare1ylgalnrl<>Hi> lVntmiretyluaJarto'M* 
diethyl nicn'ft]itul dimethyl acetal 

" It. T. Williams, J. Chem. Soc., 1102 (1040). 

” a. K. Sisidn, J. Sor. Chem. I ltd. Japan, SO, 217B (1036); l>. K. Montgomery, N. 
K, Jtichtmyer and 0. S. Hudson, J . Am. Chrm. Nor , Of, 090 (1912) 

11 T. H.Hembry and G. Powell, J. Am. Chcm. Hoc., 84, 2419 (1942). 

« H. Bertseh and G. llauchalles, U. R. Patent 2.010,758, Am 4. 1930 

,J W. Schneider, J. Repp and O. Stiehler, Drr., St, 220 (1918) , J W. (irei’ii and 1) 
Paean, J. Am. Chem. Soc., 89, 1206. 2609 (1937); 00, 2288 (1938); M. L WoHrmn, L 
Tanglic, It. Georgo and B, Waisbrot, ibid,, 80 , 132 (1938). 
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HClSCfHjh 



HgCOH 


Ethyl a-Ralwtopynnoside Galactose diethyl Ethyl /S-salactofuranomrlp 

merraptal 



Ethyl n-galactoturanoside Ethyl a-thiogalactofuran 

oside 

The a-thiogalactofumnoside was not isolated, but the corresponding glu- 
cose derivative was made by the procedure shown. 


/. Direct Alkylation Method 

The glycosidic hydroxyl undergoes preferential alkylation when the 
sugar is alkylated with one equivalent of dimethyl sulfate and alkali . 14 
The procedure is particularly valuable for obtaining methyl glycosides of 
the mannose type for which the Koenigs-Knorr reaction fails because of 
orthoester formation. Alkylation of tutraacetylfructoso with silver oxide 
and methyl iodide leads to the methyl fructoside tetraacetate . 11 



M L.Maquemw,Eid{.0M.eMm. l [3]S9 l 460 (1906) ;H. 8. Isbell and H. L. Frush, J. 
RemarA Nad. Bur. Standard*, U, 144 (1940). 

M C. B. Hudson and D. H. Brauns, J. Am. CKm. Soe., St, 1210 (1916). 
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g. From Glycals 

Alcohols in the presence of perbenzoic acid add to the double bond of 
glycals to give glycosides of two sugars (see under Glycate) since two new 
asymmetric carbons are produced (1 and 2). For the addition of methyl 
alcohol to gluoal, the principal product is the methyl a-D-mannoaide." 


lie— — | 

I 1 

HC 9 

I I 

— o— 

I 


C.H.COOOH 

“6HAI — * 


HCOCHi 

I 

HOCH ( 



h. FtiRANOin Glycosides and Sugars from Carbonates 

Haworth, Porter and Waine* utilized the stability of the carbonates to 
acids and instability to bases (see p. 177) for the preparation of the first 
crystalline furanosides and furanoses as illustrated below. 

L,2-Isopropylidene 1 ,2-lBopropylidene-Rluru Glucose 5,6-carbonate 
glueofuranose furanose 5, 6-carbonate 



Methyl glucofuranoside 5,6- Methyl a-glucofurano- 
carbonate side 

i. Enzymic Synthesis 

In the Fischer method for the synthesis of glycosides, an alcohol and a 
sugar are condensed by the use of an acid as the catalyst. As has been 
shown in the work of Bourquelot and associates, enzymes may be utilised 
in place of the acid to catalyze the formation of glycosides. In recent times 

** M. Bergmans and II. Scholte, Ber., 54 , 1564 (1021). 

« W N Haworth and C R Toiler and A C Wainr, J. Chm. doe., 2254 (1032). 
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this excellent work has t)ecn ignored to a considerable extent, but the 
method should be considered when it is desired to prepare glycosides for 
which the corresponding enzymes are known. For further discussion see 
Chapter XI. 

j. TrA N'MGL YCOaiDATlON 

In nonaqueous solutions of hydrogen chlorides on equilibrium is estab- 
lished between the a- and jS-glycosidcs, and the rate of rearrangement is 
proportional to the hydrogen chloride concentration. Under these condi- 
tions furanosides are converted to the pyranosides.* 8 Sometimes the alkyl 
group is exchanged when the reaction t tikes place in a reactive solvent 
different from that which the glycoside yields on hydrolysis. In methyl 
alcohol containing hydrogen chloride, I he ethyl a-D-glucoside is trans- 
formed to the methyl a-D-glucoside ; the methyl and benzyl a-fructofurano- 
sides yield the benzyl fl-fructopyranoside when dissolved in Itenzvl alco- 
hol under similar conditions.* 8 

Under acetylation conditions with on acid catalyst (employing acetic 
anhydride, acetic acid and sulfuric acid) the* ueetyliited methyl pyranosides 
are transformed to acetyluted sugars of the p.vrunosc structure, but the 
furanosides under the same conditions are changed to open-rluiin oeetutes 
or to ring acetates of possible furunoso structure. 88 The methyl triacetyl- 
arabinopyrunosidcs behave differently, possibly liecause the ring is formed 
through a primary alcoholic group. Thus 0.1 (i percent sulfuric acid (nr 
zinc chloride) dissolved in acetic anhydride and glacial acetic acid brings 
about an equilibrium between a small amount ol ring ucetutp and the penta- 
acetylarabiunsc methyl hemiaeetals. Mon* concentrated acid removes 
the methyl group and prndurcs the peracetylated aldc/ijydo- hexaa eetyl- 
arabinosc. 

From the preparative Rtuudpuint, the tniii-fnrnmtion of aeetyhited 0- 
glycosides to a-glycosidcs under Ihe influence of titanium tetrachloride is 
of particular interest. It. was shown by Pucsu that in rhlorofnrm solution 
(free of water and alcohol) titanium tetrarhloride transforms the aeety- 
lated alkyl |9-glycosides to their alpha isomers in high yield." 

n-Hrxyl telraaectyl-tf-glurimiile — . n Hc\>l telraarclyl-n glurnsidc 

For the acetylated benzyl glucosides, the equilibrium mixture consists of 
about 90 percent of the alpha isomer.** It is of interest that under these 

" J. W. Green and E. Parsu, J.Am Chm. Soc., BO, 1206 (1937) 

» C. H. l’urvce and C. 8. Hudson, J. Am. Chm. Hoc., BO, 1170 (IB37). 

*K. Montgomery, II. M. llaun anil t 1 . S, Hudson, J. Am. Chm. Soc., BO, 1121 
(1937). 

n E. Paceu, J. Am. Chem. Soc., Bt, 2663, 2668, 2671 (1930). 

* E. Piel and C. B. Purves, J. Am. Chm. So c., fit, 2978 (1939). 
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conditions, the methyl /9-odlobioside heptaacetate gives the alpha isomer. 
Since two beta glucosidic linkages occur in the original substance, either 
might be involved. If the configuration of the disaccharide linkage were 
changed, a derivative of maltose would be expected. Apparently, if it 
occure, the transformation to a maltose derivative is only a minor reaction 
since the main product is the a-eellobioside. FructosidcB exhibit cither no 
reaction or the alkoxyl group is replaced by a halogen at om.* 1 Aromatic glyco- 
sides under these conditions remain unaffected. Phenyl /J-glycosidc ace- 
tates, however, are convertible to tlie alpha forms on beating with zinc 
chloride in phenol.’ 4 

B. Properties of Glycosides. The glycosides are water-soluble substances 
except when the hydrocarbon aglyron becomes large enough to dominate 
the physical behavior of the compound. In the n-alkyl jS-glucoside series, 
the glueosidcs become quite difficultly soluble in water when the aglyeon 
has more than nine carbon atoms. The higher memlxrs of the n-alkyl 
series of glucosides are surface* active and form liquid crystals at the melt- 
ing point. 14 

The solubility of the surface-active materials in water is improved by* 
treating the glycosides with alkylcne oxides (c.g., ethylene oxide) in the 
presence of cutalysts such us sodium hydroxide or an amine * 

The increased solubility of glycosides as compared with the free aglyeon 
has been utilized to enhance the effect of many pharmaceutical Milwtanecs , 
the glycosides of 2-alkyl-l , 4 -nupht hohydroquinoue (an aiitiliemorrluigie 
agent) provide an example. 17 

a. Stability to Alkaline Hydrolysis 

It is usually considered tiuit the glycosidic linkage is stable to Ihc action 
of alkalies and consequently that glycosides exhibit no reducing action on 
Fehling solution. Nevertheless, some reduce Fehling solution. The first 
alkali-sensitive glycoside reported is apparently the 2,4 ,G-tribromophcn> 1 
0-glurosidc of Fischer and Strauss.*" 

Alkyl glycusides usually are more stable than aryl glycoside** to the ac- 
tion of alkalies. However, when sulfonic ester or nitro groups air introduced 
in positions lteta to tlu* glucosidic linkage, the glucosides reduce Fehling 

11 K Pucsu mill F I) Craiun, J. Am ('Arm. Hoc , 69, 105!) (1037) 

14 13 Montgomery, N. K Hirhlmyer anil Cl. S. Hudson, Am Chrm ,SV., 

000 (1W2). 

"<’ It N oiler and W. Rockwell, J A m.Chcm.Sor ,00,2076 (1938); W W Pigman 
and X. X. Uirhlmyrr, ibid., 64, 300 (1042). 

» French latent 838 863. March 17. 1030; Ccrman Patent 715,543, Nov 27, 1911 ■ 
” B Kiegel anil P (i. Smith, U S. Patent 2,336,890, Dee. 14, 1913 
i, a ID Fischer and H Hlrnune, /in , 45, 2167 (1912), b. See iliacussion lij 11 
Uehman, L (' Ki eider and W L. Evans, J. Am. Chem. Sor , 68, 2388 (1936) 
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solution.” In the series :X-CHr-(CH,),-CHr-0-01 (X - SO^Hi 
or NO*; G1 “ glucosyl) the glucosides are reducing only when n ■ 0. 
Several oligosaccharides exhibit alkali seusitivity. ,lb 40 Two such oligo- 

OG1 

I 

saccharides are turanoec: CHiOH — (CHOH)i— CI1- CO — CHjOH (3- 
glucosyl-fructose) and dihydroxyacetone glucoside: CHjOH— CO — CHr 
0 -Gl. These compounds and the phenyl glucosides have a common struc- 

i i 

tural unit, — O-C— OG1, which in the case of the oligosaccharides is the 
enol-isomer of the above structures. As noted by Evans and associates, 
such a structure Bccms to be responsible for the sensitivity to alkalies 
'I'lie resemblance of this structure to that uf the alkali-saponifiable esters 

I 

should be noted: 0=C — OG1. When the double bond is removed farther 
from the glyrosidic linkage, as in allyl glucoside (CIlj-=OH— CIIjO- Gl), 
the lability in the presence of hydroxyl ions iB lost. However, such a strur 
lure does not explain the pronounced sensitizing action of NO» and -SOJ1 
groups in certain positions as noted above. 

Phenyl glucosides such as the tribromophenyl and nitrophenyl gluco- 
sides exhibit sensitivity to hydroxyl ions. The aglycons (substituted 
phenols) of these glycosides are stronger acids than phenol, and there may 
be a correlation between the alkali sensitivity of the glycosides and the 
acidities of the aglycons. 41 It might be considered that these substances 
are more closely related to the alkali-hydrolyzable esters than to the stable 
alky] glycosides. 

The nature of the hydrolytic products has not been sufficiently invest i 
gated, and it is usually assumed that the products are the same as those 
produced by the action of acids. However, phenyl (9-glycosides when heated 
with aqueous barium hydroxide are converted to 1 ,6-anhydro suguis at 
the levoghirosan type. The alpha isomers are only Blowly affected by the 
treatment and may be recovered largely unchanged. (See Glycosans.) 
On the other hand, a double bond may be created in the aglycon. Thus, 
picrocrocin (the bitter glucosidic principle of saffron) gives safranal on 
treatment with alkali, although enzymic hydrolysis yields the expected 
products. 41 

” B. Hdferich and M. Haw, Ann., 554, 261 (1943); B. Helfench and H. ttchnorr, 
ibid., 547, 201 (1941). 

41 II. S. Isbell, J. Research Natl. Bur. Standard*, 56, 3ft (1941) 

. 41 J. II. Fisher, W. L. Hawkins and H. Hibbcrt, J. Am, Chem. Sot 66, 3031 (1941) 
« R Kuhn aud I Lftw, Btr., 74, 219 11941). 
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IVrorrocin Hnfrannl 

Bnmiallyl p-gluooside lias uo action on Fchling solution bat HUr is 
removed with the formation of propinyl 0-gluc.oside toko nnnreducing). 

cn 5 =(JBr- (’H.-OtSI °? CHwC— riI.--OGI 

In common w ith uretylene, the glucoside reacts with copper Bolts. When it is 
present with u i educing substance, no reduction of Fehling solution is 
olwervrd Bimi' a soluble salt is formed by the copper salts and the gluco- 
side 4 

b. II runout . nation 

The aromatic (phenyl ) and benzyl glycosides on* split by hydrogen with 
the aid ol platinum catalysts (in the presence of hydrogen ions at room 
temperature and atmospheric pressure) to a hydrocarbon and sugar. 44 44 

Burnt ft~u idiicoHifie Toluene + gluciM- 

llydrogeuation with palladium catalyst under similar conditionfi proceeds 
(lilTerently and only lx*nzyl 0-glucoside is cleaved. For aromatie glucosidcs, 
this catalyst arts usually by hydrogenating the benzene ring, und the mailt - 
uig cyclohexyl p-glucosides are not further affected. The use of palladium 
provides a method for the conversion of aromatic to ryrlohcxyl glucosidcs. 44 
By the use of the palladium catalyst the following transformations ore 
curried out : phenyl to ryclohexyl 0-glucosidr, and phenylpropyl to 3*«y- 
rlohexylpropyl d-glueuside (but saliein t o o-crrsyl d-gluroside) . ( 'atalytie hy- 
drogenation has also lieen employed tor the preparation of gentiobiosr 
from amygdalin 44 Because of tlic great reactivity of the ethylenir linkage, 
this linkage may be preferentially hydrogenated even when an aromatie 
ring is present. 47 The cleavage ot aromatie glycosides by the platinum 
catalyst is in contrast to the lark of reactivity of the alkyl glycosides. As 

14 B Helferieh and J. Werner, Her , 70. M2 (1943) 

11 N, K Richtmyer, J Am Chm. S» r„ AH, 1033 (1934). 

11 K. Freudenberg tl «/., Bt> , 81, 1739, 1734 (1928). 

11 M. Bergmann and W Frriideuhcrg, Bet , Hi, 2785 (1929) 

47 N K. Richtmyer and R M Hann, J. .1m. Chm. Soc., 57, 227 (1935) 
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mentioned elsewhere, the reductive cleavage of the N-glycaeidcs is as- 
cribed to nn equilibrium with thp Schiff base (R— N=C3II — (C!IIOH)«~ 
('11*011 ),tlie reactive isomer (see Chapt. IX). One of the resonating forms 
ul the phenols has a structure (Tl) analogous to that of the Schiff base 
nnd may be the reducible isomer. The existence of such structures only in 
aryl glycosides may explain the difference in the ease of hydrogenation of 
the alkyl and aryl glucosides ns well as the greater acid stability of the 
alkyl glycosides. 


- 0 - 6 .*= ^ 

•*> IX) 

P. Klim OK HYDROLYSIS LI AC'IDK 

The rates of hydrolysis of many glycosides liave been measured and 
provide excellent data for investigations of the influence of structural and 
conligunitional changes on the stability of the glycosiilic linkage. Such 
comparisons can only lie made in a qualitative fashion since the activation 
energies differ somewhat for the various glycosides and comparisons made 
at one temperature may not always agree with those at another tempera- 
ture. 

Effects of Variations w the Aglycon Stnictme >. of a- and ft-glucosidcs. 
Moelwyn-Ilughes gives the following data for the rates of acid hydrolysis 
at unit hydrogen-ion activity and at 00°(’ for several a- and jS-glucosides 
(Table I). 

As a ride, the glucosides with aliphatic aglycon groups (methyl and 
mandelonitrile glucosides) arc more resistant to acid hydrolysis than those 
with aromatic aglycon groups. Although there is a considerable difference 
in thp act nation energies for the various glucosides, this difference does not 
seem to Ik* related entirely to the aromalic or aliphatic character of the 
aglycon group. (For additional data see Table X of Chapter XI). Data 
on the rates of hydrolysis of di- and oligo-saccharides are given clsew’here 
(Table II, Chapter X). 

The half-life and activation energies for the hydrolysis of some gluco- 
sides and fruct asides are compared in Table II. The methyl a-fructofurano- 
sidi* is the most easily hydrolyzable glycoside in this series, but its rate 
and activation energy are not greatly different from those of the fructo- 
pyrunuHides. 

Influence of Change s in the Configuration of the Carbons Composing the 

111 L. J. lleidt And C. B. Purvrs, J. Am. Chen i. Roc., 86, 1385 fl(U4) 
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Pyranow Ring. Thie methyl glycosides of many sugars have been prepared 
and their ease of acid hydrolysis studied.”' " Some of the results are sum- 
marised in Tables III and IV. 


Table I 

Acid Hydrolysis of Glucosides* (60°C.) 


Glucuside 

*/• H* 

(jw) x nr ■ : 

Activation Energy 
[ col. /mole ) 

Methyl a-glucoside 

1.46 

38,100 

Methyl /9-glucosidc 

3.86 

33,730 

Mandelonil rile 0- gluuoside 

1.07 

31,040 

Saligcnin /J-glucoaide 

18.0 =* 

31,630 

Hydroquinone /J-glueoside 

43.4 

30.760 

Phloridzin i 

116 

22.020 

Methyl telramethyl-a-gliicoaide | 

4.00 

19,840 


* E. A. Moelwyu-Hughcs, Tram i. Faraday Sue., SB, 503 (1029). It should be noted 
that, contrary to the usual custom of carbohydrate chemists of using decimal Ifig ir 
ithms and minutes as units for calculating reaction constants, Moelwyn-lfughes 
uses natural logarithms and seconds, us is customary for physical chemists. 

Table II 


Kinetic* of the Hydrolysi « of Glucosides and Frucloside * 
(0.05 .V HC1 at 60°C.) 


Glycoside 

Hall-life 

(mm.) 

Activation Energy 
(cal. /molt) 

Methyl a-glucupyranosidp 

207,000 

31,780 

" 0- 

104,000 

33,460 

Henzyl a- * 1 ' 

110,000 

34,130 

“ p- 

69,700 

31,460 

Phenyl a- “ 

3,150 

31,120 

41 p- “ 

11,500 

32.200 

Methyl tt-fruetupyranoside 

6.2 

27,790 

14 p- “ 

12.8 

29,420 

Henzyl p- 

! 7.4 

27,780 

Mctliyl a-fruntofuranosidn 

2.2 

26,950 


As a first approximation, it is possible to study 41 * the effect of variations 
in the configuration of the individual carbon atoms composing the pyrano- 
side ring by comparing the rates of hydrolysis of substances which differ 
only in the configuration of a single carbon as is done in Table V. For 

• H. S. Isbell and II. L. Frush, J. Research Natl. Bur. Standards , 125 (1040); 
ia C. N. Riiber and N. A. 80rensen, Del. Kyi. Norsks Videnskab. Selskabs Skrifter, 
No. 1 (1038). 
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most glycosides, the beta isomers are more easily hydrolysed than the 
alpha isomers, but the gulosides (and the corresponding heptosides of the 

Table III 

Velocity Constant* Reported by Isbell and Freeh* 

0 05 JVHCl at MT 0 5 N HC1 «75*C 

0 00371 0 0028ft 

0135 

00069 000471 

00167 00113 

0125 0115 

00576 00377 

00486 00417 

00219 00132 

000381 
000860 | 

000166 

* Thp velority ronutants wore calculated from the equation for n first order rr 
nrtion and are expressed in Briggs logarithms and in minutes 

Table IV 

Velocity Constants Reported by Ruber and Sfrensen* 

Subs tan cr 

Methyl a d glucopyrnnoside 
Methyl p D-glucopyranoside 
Methyl a-D-vylopyranoside 
Methyl ft o xylopyranoside 
Methyl n-D-galactopyrauoside 
Methyl 0-D-galactopyrunoside 
Methyl a L-arabmopyranoside 
Methyl p-L-arabinopyranuside 
Methyl a-L-rhamnopyranoside 
Methyl 0-l rhamnopyranoside 
Methyl a-D-mannopyranoside 
Methyl p-D-mannopyranoside 

•The velocity constants were calculated from the equation for a first-order 
reaction and are expressed in Briggs logarithms and in minutes 

gulose type) provide a marked exception. It will also be seen that the iso- 
meric alpha and beta glycosides of the same sugar usually differ less in 
rate of hydrolysis than do the glycosides of the separate sugars The ratios 
given in Table V indicate that every asymmetric center in the pyranose 



SubsUn ce 

Methvl a i) lyxopyranoside 

Methyl p- d lyxopyranoside 

Methyl a-D-mannopyranoside 

Methyl p d mannopy ran osidp 

Methyl r e-gulopyrandsidc 

Methyl p D-gulopyranoside 

Methyl a d gluco d gnlo - heptopyranoside 

Methyl p u-gluro-D gulo heptopyranoside 

Methyl a-'D-gaU-L-manno-heptopyranoside 

Methyl p-D gala-L-manno heptopyranoside 

Met hy 1 a n-gal a-L-g/uro-hep topy ranoside 
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ring exerts an effect on the rate of acid hydrolysis The glycohiries which 
have Iran * configurations for carbons 1 and 3 arc hydrolysed more slowly 
than the corresponding modifications which have the n* rnnfigiuation 


Table V 

Kfltit of Cunfiffut ahnn on Rale of Hydrolyett of the Htxopt/ianu'iidt \ 
(0 5 N HH at 76°C ) 


SubsUncn L iff pi at 

SubsUncea 

* k 

( arbon 1 

Methyl 0-n glucotu dr/methyl a-n gltirotude 

Methvl 0 d mannosidp/methyl a i> mannuhide 
Methyl 0 d galacl oside /methyl a d galadosidr 
Methyl ft n gulobide/methyl a u guloude 

1 91 

2 40 
1 7b 
0 33 

( m l*on 2 

Methyl a d muiinoHule/mpthvl a n glue oside 
Methyl 0 u man n oside /methyl 0 v glueoBide 

1 <8 
2 % 

( arbun 2 

f Methyl or i) guloside/niel hyl a u galadosidt 
Melhil 0 l) gul oside /met hvl 0 n galadoside 

11 Ob 
2 Ob 

. fM( thvl a J> galadnside /methyl n u glue uside 

ICJ1S 1 Methyl 0 i> galactosidp/melhvl 0 u ghimsirip 

i *5 
4 

. fMrlhvI a i guloHide*/inethvl 0 u mannuaidt 

Al MISI Methyl d l gulowle' Vmethy 1 a i> mannoaide 

10 IS 
S 00 


* Measuiement made on enantiommpb 


Tab L b \1 

ttilatm hasp oj And Uqdioi^is of Pentoudea, Hixoaidt* and Heptondt* of ttrtatid 

Configuration 





Mnnnosidc Sene' 

1 Ulucosidr Sems 

(lalattoude Series 

(imup \ 

a 

0 

" 1 


a 

1 - 

H 

6 07 

8 08 

1 65 | 

4 75 

1 73 

1 42 

C'U.OH 

1 

1 

1 | 

1 

1 

1 

t’H, 

4 01 

5 95 

1 1 

- 

- 

i 

rnoB CHiOii 

| 0 55 

0 51 | 

0 50 1 

1 i 

1 

1 

i 


This, effect at the hydroxyl on carbon 3 possibly is to be ascribed to its 
proximity to the ring oxygen. 

A comparison 4 * of the ease of acid hydrolysis of homomorphous pento- 
aides, hexosides and heptosides is made in Table VI. In each case, the ease 
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of hydrolysis relative to the hexoside is given. It will be seen from tho 
table that there is invariably a decrease in ihe ease of hydrolysis of con- 
figurationally related scries as tho number of carbon atoms in the sugar 
chain increases. Even a small difference in the groups attarhed to carbon 5 
such as that between mannose and rhamnosc, which differ only in having a 
CH.OH or a ('II S attached to carl>on 5, results in a conspicuous effect on 
the rate of arid hydrolysis. 

The acid hydrolysis of melh.vl 2-desoxy-a-glueoside and of methyl 2- 
desoxy-a , /3-cellobioside proceeds about 500 times more rapidly than the 
corresponding glucoside and eellobioside. 11 The nature of the groups at- 


T ibm: VII 

Ct'ttipniiMii of Kuh t nl Hydrolysis of Pyrunomdot and Furanfmdes 
(t = 05- I00 D (\; 0 01 A' im, k in minutes i&iiil Briggs logarithms) 

Pyruosidtb i I uranoiiili-. 


Gl> pc bide 

1 XKP 

( UlyeoHide 

k X in 

Methyl a i> pluriiside 

25 

1 Methvl tv i) gluroside 

4500 

Methyl ft n glurnside 

;m 

( Hurinhf 

5000 

Methyl a n inimiinside 

ID 

Oetnniet^lHUercibe 

1000 

Methyl nr li-fnlartojudr 

23 

\ Ethjl ti n glueohide 

oflX) 

Methyl lelniiuethyl a 11 glum 

t 

| Ethyl lelrainetlivl rt n gluen 

I tori 

side 

i 

i si ile 


Methvl tetniinelhvl 0 i) glurn 

ID 



side 




Methyl lelramelhyl a i> man 

4 

Methyl a i) muiiiinfride 

15(H) 

iiusidc 

1 



Methyl let linnet li\l a n gului 

J 1 

Mellijl lelniiuethyl a-munno 

250 

lu«ide 

1 

hide 



tuehed to carlxm 2, as well as thorn. 1 attached to carbon 5, exerts a pro- 
nounced influence on the rute of hydrolysis. 

The marked effect of structural changes on the stability of the glyco- 
sidic linkage is demonstrated by u comparison of the ease of hydrolysis of 
pyranohides and furanosidcs. As shown in Table VII, the furanosides are 
hydrolysed from 50 to 200 times more easily than the corresponding py- 
ranosidcH. 62 This difference in the ease of acid hydrolysis of pyrun unities 
and furanosidcs is sometimes used for the determination of the ring type 
presrnt in oligosaccharides and glyrmides. Such differences are usually 
encountered but exceptions are known. Thus, the methyl and hensyl j8- 

11 M. Dergmann, H. Schotle and W. Lcrhiusky, Ber., SB, 158 (1922) 

• W. N. Haworth, Btr., SB A, BO (1932). 
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fructopyranoeideB are hydrolysed at about the same rate as sucrose (a 
fructofuranosidc) and only 10 to 13 times more slowly than the methyl 
and benzyl a-fructofuranoeides M (see also Table II). 

C. Determination of the Structures of Glycosides. Mefhylatian Method. 
In order to illustrate the inethylation method, the structures of the four 
methyl gluoosides will be considered. Fischer was able to separate two 
crystalline methyl glucosidcs from the products obtained by the reaction 
of glucose and methyl alcohol in the presence of hydrogen chloride and to 
show that the mother liquors consisted of an amorphous labile isomer 
which he called y-methyl glucosidc. 14 This sirupy product was later demon- 
strated“ to be a mixture of several isomers which exhibit a marked differ- 
ence from the crystalline isomers in the ease of condc'„,atiou with acetone. 
(For a description of methylution methods, see Chapt. VIII). 

a. Fyranoid Structure or Fischer’s Crystalline Methyl Glycosides 

The crystalline methyl glucosidcs of Fischer, methylated by Fuidie 
and Irvine, give two methyl tetramethylglucosides. On arid hydrolysis, 
both yield the same crystalline tctramethylglurosc. Thin tetramethylghi- 
rosc (1) is oxidized by nitric acid to inactive trimcthylxylarir acid (lylo- 
tiimethoxyglutoric acid) (II) and dimethyl-L-thrroric arid (L(dextro)- 
tortaric acid) which were isolated from Ihc oxidation mixture as their 
diamides. H The diamides hud been previously characterized by Pmdir 
and Irvine. The configuration of the trimrthoxyglutaric arid produced 
proves that it represents the upper five carbons of the tetramethylglurose, 
and the position of the methyl groups on carbons 2,3 and 1 eliminates 
these positions for the ring connection. Since the original methyl ghicosidcB 
(III) are oxidized to uronic acids 57 retaining the glycoeidic structure 
(oxidation at carbou 6), the ring cannot involve the primary hyilroxyl 
group at carbon 6, and must be of tins pyrnnose type. 



Telramethylglucosa TriniethYlvylaric acid (/(flii-Trimptk- 

rwidularic wul) 

(I) ‘ (II) 

•« G. B. Purves and C. S. Hudson, J .1*1. Chrm. Hoc., 59 , 1170 (1037). 

M E. Fischer, Bar., 47, 1080 (1014) . 

■ J. C. Irvine, A W. Fyfe and T. P. Hogg, J Chrm. Bn , 624 (1015). 

" E. L. Hirst, J. (them. Soe., 350 (1026). 

57 K. Hmnlenski, Chcm. Abat , 19, 41 (1025); Iv. Maurer and G. Drefahl, Bn., 15, 
1480 (1042). 
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Fl*** 

>Wl 

Methyl a-glucosi(le Methyl a-glucuronidt 1 

(rin av. 

b. FuRANOID iSTllUCTUBL OK THU “ y ” METHYL (iLUCOSIDUh 

Mctliylation ui Kucher’s amorphous y-methyl glnrosidcb and hydrolysih 
by acids leads to a birupy tetrnmethylglucose different from the crystalline 
product obtained from the crystalline methyl glueopyrunosides.“ Nitric 
acid oxidises the sirupy tetramclhylglurose to a mixture of dimelhyl-L- 
tlirearic acid (dimethyl-L-tartaric acid) and oxalic acid. M (Nee accompany- 
ing formulas). r riiese results are most easily interpreted us indicating the 
presence of a luranose ring with a connection between carbons 1 and 4 
Oxidation ol the linkage between earbons 4 and fi would produce the prod- 
ucts found, and the dimcthyltartarie acid has the expected configuration 
Complete proof is given by periodic oxidation of the original glycosides 
fsee below). 


COOH 





Methyl tetramelhyl a Tetrampthylghicofuranosc 
gluoofurannside 



Dimethyl L-threanc acid 
(Dimethyl L-(deiiro)-tar 
tarie acid) 


c. Pykanoid Nature of the Methyl FnucTosinEh 

n-Fructose yields two crystalline methyl fructosides." " These may be 

•• W. N. Haworth, E. L. Hint and E. J. Miller, J. Chen. Sot., 2436 (1927) 

11 C. S. Hudson and D. H. Brauns, J. Am. Chem. Hoc , SB, 1216 (1916). 

••II. U. Schlubaoh and G. A. Bchrtter, Ber., 61 , 1216 (1928) 
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methylated and hydrolysed to a crystalline tetramethylfructoKP' 0 - 11 which 
■ oxidized by nitric acid to a monobasic acid. Acid permanganate oxidizes 
this product to crystalline 2,3 ,4-trimefhyl-D-arabomc 6-lactone, whereas 
further oxidation yields trimethyl-D-arabaric (n-arobo-lrimethoxyglui .iric ) 
acid. Since the configuration of the carbons 3,4 and 5 of fructose have the 
D-arabinose configuration, the mcthoxyls must be attached to these car- 
bons in the tetramethylfructose, and the ring in all probability is between 
carbons 2 and 6 (pyranose type).* ••8 



TrimPthyl-n-arabam ami 

lo orabo-Trimethoxv Trimcthyl-o urabimir Trimp1hyl-o-arabinn.Hr 

glutnrir arid) Martniir 

< 1 . J’emiodic Acid Oxidation* 

.Vfter earlier work'* had demonstrated that periodic add and also barium 
hypobromite oxidize methyl glycosides by breaking the carbon chain, 
Jackson and Hudson" developed the perioilic oxidation into an extremely 
convenient method for the determination of the ring structures of glycosides 
as well as for many other similar compounds. Since the reaction of the 
glycosides with periodic add is quantitative, one simple method for the 
deter minatio n of the ring structure of a glycoside involves the measure- 
ment of the consumption of periodic acid. Two common types of read ion 
are illustrated in the following formulas. 

The number of moleH of periodic add used by the most common types 
of rings are: 

Four-carbon furanoside rings (n * 2), one mole of HIOi. 

* For additional discussion, see pages 40 and 828. 

*> T. Purdie and D. M. Paul, J. Chem. Soc., 91 , 289 (1907). 

11 W. N. Haworth, E. L. Hint and A. Learner, J. Chem. Soc., 1040, 2432 (1927). 

•• H. Udrissey, P. Fleury and M. July, J. pharm. thim., (SJ 90, 149 (1984). 

m E. L. Jackson and C. S. Hudson, J. Am. Chem. Soc , SB, 994 (1937) ; 01, 959 (1039) ; 
W. D. Maclay, R. M. Hann and C. S. Hudson, J. Am. Chem Soc., 91 , 1680 (1939), 
E L Jackson, Organic Reactions, 9, 841 (1944) 
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Five-carbon pyranosidc rings (n • 3), two moles of IIIO 4 . 
Six-carbon heptanoside rings (n = 4), three moles of HIOi. 


11COCI1, 

I 

III coin, 

I 

lie: 

I 

011,011 


fn - I ) HIO <_ 
n x 1 ™ 


HOOCH, 

I 

1100 

1100 

I 

IIO 

I 

0IL01I 


H,0 


+ 

(n — 1) IlIOi 
4 

(n - 2) UCOOII 


Uexopyranoaide, 
l»cn1 ofuranueidp nr 
heptohepl anoside 

f 

1 ICO on, 

I 

I1IC0H), 0 

I I 

H.O 1 


( i > - l ) H 10 i 
n > l 


Pent opyranosidc nr 
hrMilirptannaide 


(Four isomers) 


Hoom, 

I 

1100 

1100 

I 

IbO- 


o 


11,0 

4- 

(n - UIIIO. 

4" 

(n - 2) HC'OOIl 


(Twu iHnmrrs) 


Thp nature of the ring is then easily determined by analysis of the quantity 
of periodic acid used in the reaction. 

Ab illustrated above, the reaction product is a dialdehyde which in the 
first example has only two asymmetric carbonB and which in the second 
example lias only one asymmetric carbon. The asymmetric carbons re- 
maining in the dialdehyde arc those corresponding to carbon 1 and carbon 4 
of the furnnoBidcs or carbon 5 of the pyronosides (the ring-forming carbon) ; 
but carbon i determines the a-fi configuration, carbon 4 determines the 
D , i . classification of the pentoses and carbon 5 the d,l classification of 
the liexoses. lienee, the hexopyranosides, the pentofuronosides and hepto- 
heptanosides as a group yield only four stercoisoineric dialdeliydes. These 
dialdehydes correspond to the a-n, the a-L, the / 9 -d and the / J-l glycosides 
and constitute two puirs of mirror images. The oxidation product of the 
pentopyranosideB and of Ihe hexoheptanosides has, however, only one 
asymmetric carbon which corresponds to the glycosidic carbon (carbon 1) 
of the original glycoside. These latter glycosides yield just two oxidation 
products wluch in turn are mirror images. 
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Dialdehydes obtained by periodic arid oxidation of certain methyl pyianooidea 

and furanoaidea 


rHiOcn 

I 

HCO 

HCO 

I 


CHiOII 


1 

HOOCH, 


— 1 

cii.ocn 

| 

1ICO 


1 

HCO 

0 ( 

0 0 

HCO 

1 


HCO 

| 

J lie 


! 

cn L 


CH.OH 


OH, Oil 


"1 

HOOCH, 

I 

nco 

nco 

I 

— CH 

I 

OH, OH 




HcxopyrauoinilcB and 

ni.ocn 

I 

ii ro 


IH^utofurunoBidos 

i 1 


HOOCH, 

I 


HCO 


0 


0 


HCO HCO 

JLO * II, C 

Cr-L, fi-v p-b, a -It 


d and l, 

PcntopyranosideB and 
liexobcptanoai doa 


The identification of the reaction product provides 'valuable correlative 
evidence for the struclure of the original methyl glycoside. The dialdehydes 
obtained as primary oxidation products arc not well adapted to this 
purpose, but the corresponding acids obtained by bromine oxidation of the 
dialdehydes form easily identified sails. The diacids with two asymmetric 
carbons exhibit an interesting property; those from methyl /3-d- and 0-l- 
glycosides give nicely crystalline barium suits, and those from a-D- and 
a-L-glycosides characteristic strontium salts. 

A convenient method for the identification of the reaction products re- 
quires observation of the change in the optical rotation during the oxidation. 
The various glycosides have different rotations, but as mentioned above a 
number of the asymmetric carbons lose their asymmetry and only six prod- 
ucts (three pairs of mirror images) are produced by all of the hex opyrun tv- 
sides, the pentopyranosidcs and pentofurunosides. A mcHsnrement of Ihe 
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specific rotation of the reartion produet and a romparison of that obtained 
from glyrosidos of known stnirture fix the Mructure of the unknown 
Standard data for this purpose are illustrated by Figs. 4 and S which are 
taken from the work of .lackBon and Hudson. 

In the glycoside series, the periodic acid oxidation method liaa been ap- 
plied only to pertain methyl glycosides. For all ol the compounds tested, 



Kin 4 Rotatory phongra iltimift I hr oxidation of methyl hexopwaniiMdi’s by j&Tiodii 1 
and 0, methyl a i> aaluct aside, X, methyl ar-it-gluroflido; A, methyl a-a-gulo- 
bide, □ inelhyl a-D munnoHide ; cJ, methyl 0 D-ghiruHirtc; A, methyl 0-(>-galarto 
Mile 

(After Jackson and Hudaon) 

the method hah given icsults agn^eing with the 1 configurations as deduced 
Irom the application oi the optical rotation method. However, the methyl 
glycofiides of some of the rare hexoses have not been prepared. 

The Criegee lead tetraacetate oxidation of adjacent hydroxyl groups, 
when carried out in an organic solvent, also has been shown 61 to \re very 

w W S MeClenahnn find K V IJophett J Am Chem iS'or , 00, 20H1 (103b); 0J, 
1G67 (1930), Tj Baer, J M. Groshemta and 11 0 L Fineher, ibid , 61 2007 (1930), 
R CViexee, 1< Kiaft and B Rank, .lrm , 607, 150 (1033) 
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similar to the periodic acid oxidation and may be used for the determination 
of the ring structure of glycosides and sugar derivatives. In aqueous solu- 
tion, an additional mole of oxidant is required for each mole of formic acid 
produced once the latter is oxidised to carbon dioxide. 1 * 

In anhydrous solvents, lead tetruacetate is sensitive to cm, trann differ- 
ence in adjacent hydroxyls. Aldohexofumnosides with cm hydroxyl groups 



Kig. 5. Rotatory chungm iluriii(t tin 1 periodic oaiilntiou of the methyl pr’iitopyrann 
Hide*: A, methyl a-D-\yloji.vr.inoaide; li, nicLhyl n n-nmliinopyranonido; ( , 
mrthyl 0-D-.xylnpyrmu>nide; D, methyl 0-D-DmbinopyraniMidc 

f After .liickHxii und Hudson) 

show, in acetic acid solution, a very rapid cuubumpiioii ul our mole ot the 
oxidant followed by a slow consumption of a second mole. The correspond- 
ing trana compounds exhibit slower, more continuous consumption of mom 
than two moles of oxidant. 

Oxidation by atmospheric oxygen of solutions ot methyl a-n-glucoside 


1 J M (Ti'iiHliiMiitz ■/ I tn (' htm ft « , til :W7 ( J 
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in cuprammoniuin solution proceeds with cleavage of carbon bonds simil a r 
to that for periodic acid." 

2. Glycosans (Inner Glycosides) 

Condensation of a hcmiacetal hydroxyl with another hydroxyl group in 
the same molecule produces glycosans (inner glycosides), whereas con- 
densation with a hydroxyl group provided by another molecule produces 
glycosides. Glycosan formation usually takes place indirectly or under 
conditions favoring dehydration (pyrolysis), but it is possible that small 
amounts of glycosans may lx* formed under conditions of glycosulation or 
during the hydrolysis of polysaccharides. 

These compounds together with the inner ethers and some epoxy deriva- 
tives comprise a group known as unhydro carbohydrates.' 1 Probably the 
best nomenclature is based on this type of name. Thus, levoglucosan is 
1 ,6-anhydroglucopyranosc. The nomenclature of disaccharides of thiB type 
fdifrurtose anhydrides) is in need of clarification. 

A. Preparation. Pyrolysis of sugars and polysaccharides under reduced 
pressure causes dehydration with the formation of anliydro sugars of the 
glyeosan type. But near their melting points, glucose and other sugars yield 
1 ,2-anhydro sugars'" (ethylene-oxide rings), called “gluensane” by Gtflis. 
The characterization of these latter products is doubtful. It is possible that 
they act us intermediates in the formation of the glycosans. 



Dry distillation ot cellulose, starch and glucosidcs 70 gives the isomeric 
1 ,G-anhydro-j8-D-glucopyninosc also called n-glucosan <1 ,5> ft <1 ,6>, 
levoglucosan and jB-gluccisun. The pyrolysiH of lactose leads to the some 
1 , 0-anhydroglucopyranose and, in addition, to the corresponding galactose 
derivative, 1 ,G-anhydro-|tf-D-galactopyranosc (n-golactosan <1,5> ft 
<1,G>). The polysaccharide agar gives small yields of the same 
1 ,G-nuhydrogulactosr under similar conditions. 71 The direct pyrolysis nf 

,T V I. Ivanov and K M Bukova, Com pi ri ml aratl s« U.H.H S., 42 , 175 (1044) ; 
C 'hem Abel , 30, 2S1 (1015) 

"For a general discussion ace. B. Peat, Advance* in Carbohydrate Cham., I, 37 
(1046) 

" A. Pictet and P. Caatan, Heir Chtm. Ada, S, 645 (1020); M. Cramer and E. 11. 
Cox, ibid , 5, KR4 (10221 

"A Pictet and J Bar asm, Htlv u 'him Ada,/, hi (1018) ;J C. Irvine and J.W.H 
Oldham, J. ('hem. Sue., 27 20 (1025). 

71 R. M. llann and C. S Hudaon, J. Am. Cham. Soe., 88, 1484 (1041). 
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or-D-galactose ’produces the above isomer and 1 , 3-auhy<lro-0-D-galactopy- 
ranose (o-galactoBan <1,5> ft <1,3>). The 1 , 6-anhydro-0-D-manno- 
pyranose (levomannosan or n-mannosan <1,5> ft <1,6>) is obtained 
in a similar manner from ivory nuts of the ivory nut palm (Phytetcphas 
macrocarpa). The anhydro sugars arc found in tho distillates from the 
pyrolysis of carbohydrates, and as shown by Honn and Hudson, the 
preparation of acetone derivatives increases the yields and facilitates the 
crystallisation of many of the compounds. 

Treatment of aromatic 0-glucosides or thioglycosides with alkali at 
100°C. provides an excellent method for the preparation of 1 ,6-anhydro- 
glucopyranose (levoglucosan ). TJ Even nfU*r long periods of heating, aromatic 
and alkyl a-glucosides and alkyl /9-glucosidcs remain virtually unaffected. 
The corresponding 1 .li-anhydrogalactopyrunose is produced under similar 
conditions from both the phenyl a- and 0-galactosides. Although the reac- 
tion takes place in a few hours for the /9-isomer, several weeks are required 
for the a-isomcr. 



The mechanism of the reaction 1ms lxn'n studied by McCloskey and 
Coleman. 71 It apjtears that a 1 , 2-anhydride may lx* on intermediate in the 
formation uf levoglucosan lieraiisc the reaction is blocked by the presence 
of a methoxyl group at carbon 2. On the other hand, the presence of 
methoxyl groups at carbons 3 and 4 does not prevent the reaction from 
proceeding normally with the production of levoglucosan. 

The quatemaiy salt formed from tctraucetj’lgalactosyl bromide and 
trimethylamine yields l,G-unhydro-/9-galactopyranose on treatment with 
barium hydroxide. 71 During treatment of triacetyl-5-tritylribose with TIRr, 
a trityl and an acetyl group arc removed v ith the formation of 1 ,5-anhydro- 
2,3-diacetylribofurauose. 75 Acelylglycosyl halides with the hydroxyl of 
carbon 2 unsubstituted ore transformed to 1 ,2-anhydro derivatives by 
ammonia in benzene or chloroform solution, and in this manner the 1 ,2- 
anhydro-3 , 4 , 6-t riacet ylglucose is prepared. 7 * 

71 E. M. Montgomery, X. K. Rieklmyer anil C. S. Hudson, J. Am. Cktm. Sot., 85, 
3 (10t3); J. Org. Chem., 10, 194 (1015); Tanret, Compt. rend., 119, 153 (1304). 

71 C. M. McCloskey and G. 11. Coleman, </. Oi q. Chem., 10, 131 (1045). 

7< F. Michrrl, Her., 89, 087 (1920 ' ; P. Karrer and A. P. Bmirnotf, Hclv Chtm. Acta, 
4, 817 (1021). 

71 II. Brcdrrcrk, M. Kothnip and PI. Berger, Her,, 73, 950 (1910). 

71 W. J. Hirkinbutlnm, J. Chau. Sot., 3140 (102H) ; P. lirigl, X. physiol. Chem., 188, 
245 (1022). 
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Sugars oi tho altrose type form anhydrides when heated with hydro- 
chloric acid.™ The altroso derivative lias bten identified as 1,6-anhydro- 
0-n-altropyra nose . Scdolieplulosr, which occurs in Solum tspedabile, and 
which has the altrose structure for Ihe pyranose ring, forms an anhydride 
under similar conditions. According to evidence adduced by Hudson, M the 
compound has an unusual lieptunose structure different from the anhydro- 
altrose and is to be considered as the 2,3-anhydro-sedoheptulo-hcptanose 
Altrose and the onhydroaltrose when healed with acids attain an equilib- 
rium consisting of 57 per cent of the onhydroaltrose and 43 per rent altrose. 71 
For other hexosc types, the equilibrium usually favors the formation oi 
the sugar, and acid hydrolysis is utilized tor the cleavage of anhydro rings. 

A port of the untermentuble fraction obtained by refluxing concentrated 
fructose solutions consists oi 1 , 2-auhydrofruct opyranow* (see lielow undei 
Difructose anhydrides). 

B. Difructose Anhydrides. An interesting group ot fructose derivatives, 
obtained by the acid hydrolysis ol iuiilin, have liecu studied in detail by 
Jackson, McDonald and ( loergen. 811 These aiv anhvdi-o derivatives of 
tructosr disaccharides apparently formed dining the hydrolytic- reaction 
and not existing prefoimed in the imilin molecule The stmetures of two 
of the three crystalline dilmrtosc unliydi ides have Ihkui dctiuniiicd and 
an* given in the following formulas 
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By treating, tniclow v\ it h rnnmil rated hydrochloric arid u\ 0°f 1 , Piftft 

\ K Hidilnoer and ( iS IJudMiii, J li/i Vhem Wot 62 %l 'PMO), tl J 
HiiIh'iIsoji and C I (itiflilli, J Chtm S<h , 1 14)0 (1935 1 
-C S lludsnn ./ Iw ('him iS’rif , 60, 1241 (1038) 

,q K Kichtmvoi and l 1 h Hudcon. ./ Am Chrm Sm ,61,211 flW) 
b0 K J McDonald and It V .larknon, ./ Itwairh Natl Um tfttmdanh, $4, 1M 
(1040); r J McDonald, Advann* in ('arhohydratt Chem , % 253 (1046), W \ 
Haworth and 11 HhciidH, Nrh fVimi .tr(a, 75,693 (1932) 
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and Chavan* 1 produced two products which they called hcterolevulosan 
and diheterolo vuloaan . Ou the basis of molecular weight delcrminutions 
and other properties, the produels are identified as a fructose anhy- 
dride and a difructose anhydride, respectively. A product similai 1 o di’ietei- 
olevulosan was shown by Bchlubach and Behre M to have pyrauose rings 
and 1 ,7f and 2,1' bridges. (The structure is similar to that tor dilructose 
anhydride I except for the presence of pyrauose rings > When concentrated 
aqueous solutions of fructose are refluxed, a portion of the material becomes 
unfermentable by yeasts. The unfermentable material consists of the 
reducing 1 ,2-anhydrufructopyranose and a difmetose anhydride identical 
with that of Schlubachand Behrc. The 1 ,2-anhydrofrurtopynuiose is very 
labile and dimerises to the difructose Anhydride. These products appear 
to be present in the unfermentable (“glutose”) fraction of cane molasses.*’ 
Similar to the difructose anhydrides are the ethylene glycol glycosidp 
anhydrides of glucose, galactose, and Inclose, synthesized by llelferich 
and Werner*' from 2'-ehloroethyl tetraarelyl-0-gluroside, oi Ihe corre- 
sponding 2'-mcHyloxyetln r l /9-glucoside, and alcoholic sodium hydroxide. 


H D CHf 

Ethyl r nr fclvtMil lMliylrnr nlvr ol 

jS gluropyraJinsifte 2 2' .1 ki]i\ dndp nr-Rlurnpu.immdp 2,2' anhydride 

The /9-isomer is unattacked by 16 hours’ boiling with normal sulfuric or 
hydroehloric acid, or by 0-gluroaidasc. The corresponding lactose deriva- 
tive, however, may be split by sulfuric add, or the emuldns from sweet 
almond or lucerne, to glucose and ethylene glycol /9-n-galactoside 2,2'- 
anhydride. The latter, like its glucose analog, is unattacked by adds or 
enzymes. 

C. Structures. The determination of the structures of the glyrosans, and 
anhydro sugars in general, is of particular importance because the prepara- 
tory methods give little direct information concerning the structures and 
because Walden inversions may take place. Methylation, followed by 
hydrolysis ol tho anhydro ring, gives partially methylated sugars which 
may be identified by nitric add oxidation or by comparison with compounds 
of known structure. 

The periodic add oxidation is well adapted to the determination of the 

n A. Pictet and J. Chavan, Heir Chim. Asia, 9, 809 (1926). 

•» n. Bchlubach and C Behre, Ann., SOB, 16 (1933) 

111 L. Battler and F. W Zcrban, Ind Eng. Cham., 81, 1133 (1943). 

" H Ifelferioh and J Werner, Bn , 75, 919, 1446 (1942) 
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rings present and the principle is the same as that described for the glyco- 
sides. For the puipose of illustrating the method, the arguments cited by 
Jackson and Hudson 11 for the structure of Pictet’s levoglueosan are given. 
This substance upon oxidation by periodic acid or sodium metaperiodate 
produces one mole of formic acid and consumes two moles of the oxidant. 
This evidence demands that the compound have three contiguous hydroxyl 
groups and limits the possible structures to two types: 1,2-anhydrogluco- 
heptanoao and 1,6-unhydroglucopyranosc. The dialdehydc upon oxidation 
by bromine followed by acid hydrolysis gives strontium oxalate and stron- 
tium i>-glyeeratc. As the formation of these produets agrees only with the 
taller structure, tcvoghieoson is properly described as 1,6-anhydrogluco- 
pyranose. From the cis relationship of the hydroxyl of eurbon 1 of /3-glucose 
to the CHsOIl group, it is considered that the anhydro ring has the beta 
configuration since the connection is between carbon 1 and carbon 6. The 
crystalline strontium salt of the dibasic acid which was isolated serves us a 
reference compound for the determination of the structure of any anhydro 
hexose with similar structure (<l,5>/8 <1,0 >), since the asymmetry of 
all rarbon atoms except carbon 1 and carbon 5 is destroyed. 

D. Reactions. The cleavage of anhydro rings of the glycosan type ocrurs 
in a manner similar to that for the inner ethers and epoxy types (see 
Chapter VIII). As a whole, the case of cleavage of glycosan rings is inter- 
mediate between those of the epoxy and the five-memliercd types. Acetoly- 
sis of 1,6-anhydro-triaeetylaltropyranose (triacetyl-altrosan) gives penta- 
acetylaltrosc." 

3. Acetal and Mercaptal Derivatives of Acyclic Sugars 

A. Mercaptals. In their renrtion with alcohols in the presence of hydro- 
gen chloride, the sugars differ from t he simple aldehydes in forming mixed 
acetals (glycosides) rattier than dialkyl acetals. The reaction with tliio- 
alcohols (morcaptans) is similar for sugars and aliphatic aldehydes, how- 
ever, and tw'o thioolkyl groups are introduced to produce mercaptals 
(thioacctals)." 7 The mercaptals are particularly valuable as intermediates 
for the preparation of open-chain ( aldihydo and heto) derivatives and have 
liccn used by Wolfrom and by Hrigl in their excellent work on the prepara- 
tion of the aldehydo and keto derivatives of the sugars (sec Chapter IV). 
Ordinarily, the mercaptals crystallize directly out of a mixture of the sugar, 
concentrated hydrochloric acid and mercaptan shaken at room temperature. 
The reaction is general for aldoses and aliphatic morcaptans but fails for 

■* K L ilarkfion anil C H IIuiNon, ,1 Am.Chrm iS'ur , 6B, 958 (1040) 

"X K ltich/mwr and (' S 11 w bun, .1 Am ('him Sor,0S, 1727 (1041). 

» JJ. Fi&rhcr, Jin., 21, 073 (ISM), W T Lawrcnre. iM, 29, 517 (1890). 
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the ketoses and for the thiophcnolb. The fructose mercaptals may l« ob- 
tained, however, by reaction of the acetylated or lienzoylated fcrfo-fructose 
with the mercaptan and a catalyst. 8 ’ The aZdeAyrfo-auctylsugara add 
mercaptans to form hemiinerraptals. 8 ’ 

As bho*n earlier in this chapter, the thionlkyl groups may be removed 

11 P. Uri|d and R. Rchinle, Hn 00, 325 (l!)33); M L Wulfrom and A. Thompson, 
J. Am. ('hem. Boc., SB, 880 (JD31). 

»»M. I-. Wolfrom, U Weislikt and A JIanse. J Am. Chew. Bor., 6t. 3216 (1040). 
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from the sugar mcrcaptalh, and, according to the conditions employed, 
furauosides, pyronosides, thioglycorides or acetalh are obtained 
The stability of the merruptals and their ease of preparation make them 
particularly important derivatives for the identification of the mono- 
saccharides Table VTII lists the properties of a numl>er of these deriva- 
tives 80 

An interesting type ot mercaptal, very stable to hydrolysis by acids, 
is that made from ilithioglycol or 1 ,3-prnpimedithiol: 
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In addition to their use iui the preparation ot open-chain sugais, the 
sugar mercuptid.s are ot value in the preparation of dcsoxyglykitolH.* 1 
Mcrcaptalh ot aldoses yield l-dcsoxyglykit ols and of ketoses yield 2 
dcsoxyglykit ols upon reduction employing Raney nickel D-didactoue di- 
ethyl mercaptal gives n-fucitol, and D-fru close diethyl mereaptal gives 
2-dpBoxy-n-sorhitol (oh the pent oace tales) 


CH,OH 
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CH, 

I 

HOOH 


B. Acetals. Acelul derivatives ol simple acyclic sugarb (glycolaldehyde 
and glyccnddchyilc) have long been known, hut special reactions are 
required to yirepare the acetals of the tel runes and higher sugars since the 
glycerides (mixed acetals) are preferably! urined. Several methylated sugar 
dimethyl acetids have lieen reported,* bul the first unsuhstituted acetal 
111 (he sugar serieb is the n-arabinosc dimethyl acetal of Montgomery, 
Hann and Hudson The method used toi the preparation (bcc formulas 
below ) dejx'ndh on the action of zine chloride, undpr aeetylating conditions, 
in rupturing the oxygen-carbon linkage ol the pyranosc ring of the methyl 
arabinnsides. As intermediate products, the fully arctyluted hemiaectal 
and the 1-rhlorotetrnacctylarabinosc methyl hemiacetal are produced 
Dearetylntion of tlie final product gives o-arabinose dimethyl acetal 


*°M L Wolfiom and J V Ivimibinos, ./ Am Chan Sot , 67, 50) (IlHfl^ 

,J M L Wnlfrom ami J V Karahinofl, J Am. Chan Sot , 66, 1)0!) (J944), J Jiuu 

jzault, K (\it trliiin nmf P Chuhrier, Bull vh rhim , [5 ] JtiOl) (103S), [5] 7, 7W) 
7HI (P1U0 

» P V Lpvpiii- anil (j Mp>pi J Hi oL Chtm , 7-*, tiU5 (11727 1 

w * h MoiiLjtomery, li M Haim aud C S Hudson, J Am Chem Stu , 59, 1124 

(1937) 
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V more direct method ior the pivparation at Migar acetals depends on 
the substitution of the thmlkyl radicals of mercuptals, lor which ring 
closure is blocked by the presence of subelilucnl groups such a> acetyl 
groups M If ring closure is not preventer! glycosides an' usually formed 
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Fructose mercaptals and those ol a fvw other sugars, particularly at lou 
temperatures, may form acetals by this met hoi 1 even when ring closure is 
possible. 95 

Mixed acetal and thioacctal derivatives of the sugars uie obtained irom 
the hcmimercaptals. 96 Tliese derivatives are tlie probable intemieduites 
in the conversion of mercaptals to luranosidcs (p 195) 

"M L. Wulfrom and S Wmsbiot, J Am Chun Sw 60, H5I M'MN) 

91 K VacHU ./ 1 rn Chim Sor , 0J, 1671 (1089) 

M M Ij Wultmm, D Would at and \ Hmiep ./ tin ('hnn S or ftb i(Hi5 llOUi, 
M, 8246 (1940). 
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Hemiacetals are formed by direct addition of alcohols to many aldehydo- 
acetylsugarH 87 ; this reaction provides on explanation for the mutarotation 
of the parent substances in aleoholie solution. Two isomeric hemiacetaln 
are possible for each sugar, for carbon 1 becomes asymmetric. The acetals 
are converted to the corresponding pyrannsides in alcoholic hydrogen 
chloride (Fischer conditions for preparation of glycosides) and, hence, are 
in equilibrium with the glyeonideH, but the equilibrium favors the gly- 
cosides. 


4. Reactions of Carbohydrates with Aldehydes and Ketones 

Aldehydes react with alcohols to form acetals : 

u mo + r'oii -> nciKoin, 

Two hydroxyls of a carbohydrate molecule may reuct with an aldehyde 
with the formation of a ryclic aeel al. These product s are known as arylidene 
or ulkylidcne derivatives as, for example, benzylidene or ctliylidene sugars. 
Acetone condenses similarly to give isopropylidene (acetone) derivatives. 

The first cyclic acetals of this type were prepared by AVurtz” who showed 
that ethylene glycol and acetaldehyde react w lien healed together and 
that one mole of water is lost. Mineral acids, zinc chloride, ealrium chloride 
and copper sulfate greatly accelerate the reaction.” 

OH .Oil OH— Os M 

| + 011,0110 ncl -> | V 

011,011 Oil,— o' (Jib 

Other aldehydes (valeraldchydc, benzaldehyde, formaldehyde) con- 
dense with polyols to form cyclic acetals. 1 ®* The analogous reaction of 
acetone with polyols and sugurs to yield crystalline products was described 
by E. Fischer. 1 * 1 

M M. L. Wolfram, M. KnnigsberK and l 1 ' Moody, J. Aw. Chim. Soc., 68, 2343 
(1040); H. J. Dimler and K. I’. Link, ibid., VI, 1216 (1010). 

A. Wurtz, Ann , 130, 328 (1801). 

11 A. (leunlhcr, Ann , 126, 06 (1803); W. Adams and II. Adkins, J . Am. Chcm. 
Soc., 47, 1358 (1025). 

1M For referenees to early work, sec : E. Fischer, 11 n , 37, 1521 (1894); B. Tollens, 
ibid., 88, 2586 (1R00) , II. KehitT, Ann ,844, >0 (1R«8). 

1,1 E. Fiarher, Bet., 88, 1117 (1805); A. Hpeier, ibid., 88, 2531 (1805). 
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In ethylideneglycol, a fivc-membered ring is present, but in the acetal 
derivatives of trimcthylene glycol a six-membered ring must be picsent. 
In polyols and sugars, these and other types of rings are possible. This 
subject -was investigated for the lower polyols particularly by Hihbeit and 
associates. 

Hibberl’s method depended upon studying the nature and amountB of 
the reaction products when alternate courses of reaction were possible. 
Thus, when equimolar quantities of acetaldehyde, 1 " 1 glycol and glycerol 
were allowed to react, the major product (1,3-ethylidenegIycerol) hod a 
six-membered ring and the minor product (cthylideneglyeol) a fivp- 
membered ring. 1 " 1 Ilcnce, a preference for the larger ring is indicated. 

In a similar manner, the reaction of trimethylaoctaldehyde with glycerol 
w as studied. 
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The distribution of the products between G- and 5-mcmbcrcd rings (I and 
II) was in the ratio 2:3. The nature of the sul>stitution was shown by 
methylation of the products, hydrolysis of the acetal residues, and identifi- 
cation of the monomethyl ethers. 1 " 4 In gcnpral, for glycerol, it was shown 
that such condensations reach a reversible equilibrium between the various 
possible isomers. Chloral and acetone form five-membered rings exclusively. 

Ring shifts have been observed for the acetone derivatives of dulcitol 
when benzoylation w as att empt ed. The n , l-2 ,3-5 , G-diisopropylidene-golae- 
titol is converted to 1 ,G-dibenzoyl-2,3-4,5-diisopropylidene-gnlnctitol. IU 

It is probable that such condensations take place through the inter- 
mediate formation of an open-chain heiniacetal. In fact, the intermediate 
product was isolated in the cast 1 of chloral and ethylene glycol. 1 M 
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101 Actually, acetyl one with mercuric sulfate was used instead of arelaldehyde; 
see below under Ethylidene Derivatives. 

“'II. S. Hill and H. Uibbcit, J Am. Chem. Soe. t 45, 3117 (1923). 

“ l S. M. Trister and II. Hibbert, Can. J. Research, 14 B, 415 (1036) 

101 R. M. Ilann, W. D. Maclay and C 8. Hudson, J.Am . Chem . iSor ., 61 , 2432 (1939) 
1M Do Forerand, Compt. rend , 108, 618 (1889). See also, II. Adkins and A E 
Broderick, S. Am. Chem. 8oc. t SO, 499 (1928). 
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The general types of ring found in acetal and ketal derivatives are the 
G- and 5-raembcred dioxolane ringB, respectively. Sometimes, 7-meml>ered 
rings arc formed, e.g., with trimethyleneglycol. 

After their structures were established, these products became very 
important in the synthesis of partially substituted carbohydrates of known 
structure. Their use for this purpose arises from their stability under 
alkaline conditions and their ease of hydrolysis under mild conditions of 
acidity. Thus, free hydroxyl groups in acetonated sugars ran lie cstcrified 
or alkylated, and the blocking acetone groups subsequently can he removed 
by treatment with acid. Although bcnzylidenr groups are relatively stable 
to arids, they may be removed easily by catalytic hydrogenation. 

A. Methylene (Formal) Derivatives. Sugars, polyols and sugar acids 
react with formaldehyde in the presence of nridB to yield mono- or di- 
methylenc derivatives or, in the case of hexitols, trimethylene derivatives. 107 
Crystalline monomethylene-glucose made by this method has a free re- 
ducing group. A sirupy dimethjrlene-glucose, made by melting glucose and 
trioxymethylene together, lias no reducing properties. 100 

The strurtures of the methylene derivatives of the sugars have not been 
determined, but those of many of the polyol derivatives are known. In 
general, formaldehyde condenses most readily with da secondary hydroxyl 
groups located 0 to one another. This preference for secondary hydroxyl 
groups is demonstrated by the ease with which ucetolysis of methylene 
linkages at primary hydroxyl groups takes place. The difference in ease* ot 
acetolysis of methylene groups connected with primary from those with 
secondary alcoholic groups lias been of considerable value in the elucida- 
tion of the structures of these compounds.' 09 Thus the linkages at carbons 1 
and G of 1 ,3-2,4-5,0-trimetliylene-D-sorbitol arc cleaved with sulfuric 
acid in acetic anhydride and acetic acid as shown in the formulas. The 
structure of the monomethylcne-sorbitol is demonstrated by its oxidation 
with periodic acid to a monomcthylene-xylosc which » reduced to mono- 
metliyleue-xylitol. The latter must have the 2,4 structure with no neighbor- 
ing pairs of hydroxyl groups, because it is not attacked by periodic acid. 

B. Benzylidene Derivatives. Benzaldehyde reacts 110 with glucose and 
with methyl a- and 0-glucopyranosidcs to form the 4,6-bcnzylidcne deriva- 
tives. In thp liensylidcne and related compounds, the acetal carbon is 

i«M. Nrhuls and B Tullcutt, 20 (1X96); B. Tolleus, Ho ., it, 2.W5 (1X09) 

C. A. Lubiy dp Rruyn and W. Albeida van Ekenslein, Rev. Inn. chim., 2t, 
159 (19031. 

>" \ T Ness, R. M. Harm and C. 8. Hudson, J. Am. G 'hem. Hoc., 00, 065, 070 
(1944) 

»»L /ervas, Jin., 04, 2289 (1931); J. C Irvine and J. P Sentt, J. ('hm. 8oe., 103. 
575 (1913); II OhleandK Hpriirkcr, Rn , 0/, 23X7 (1928) 
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Monomethylene- 

D-aarbitol 


CH.OH 

I 

HCO 

I \ 

1 N 

HOCIl l <H. 

1 / 

/ 

/ 

HCO 

I 

CHO 


Monomethylene- 

L-xylose 


asymmetric and should give rise to two isomers, but the expected isomers 
have never been separated. 



H OH 

4, 6-Uenzylidene-D-glucoee 


The monobensylidcneglucose, formed according to the reaction illustrated, 
reduces Fchling solution and forms a hydmzone and an osazone ; therefore, 
it must have carbons 1 and 2 unsubstituted. The following sequence of 
reactions furnishes evidence to fix the structure of the substance as 4,6- 
bensylideneglucoae. ,,, 

U1 K. Freudenberg, H. Toepfler and C. C. Andersen, Her., 91 , 1780 (102H) 
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(CHi)iS0 4 

Monobenzylideneglucose N * 0H — > 

(one mole) 

methyl bcnzylideneglucoside (I) 


(CH,),SO, 

(excess) 


methyl dimethylbenzylidcnegluroside (II) ; 3-methylglucose — 

methyl 3-methylglucosidc - » 

methyl 3-methyl-benzylideDeglucoside 

methyl dimcthylbenzylideneglucoside (II). 


The latter compound (II) ia the same as that (II) synthesized above. 
From this evidence, the original benzylidcneglucosc must have been un- 
Huhstituted at carbons 1, 2 and 3. Inasmuch as the benzylidene group may 
be removed from methyl tenzylidcneghicosidc (I) (by catalytic reduction) 
with the formation of methyl 0-gliicopyranosidc, the ring must be of the 
pyranose type. The benzylidene group must occupy posit ions 4 and 6, and 
the original compound is 4,0-benzylideneglueose. 

The condensation of benzaldehyde (and probably other aldehydes) with 
sugars ordinarily does nut produce furanose derivatives as so frequently 
happens in aectone-condensation reactions, discussed later. When the 
furanose ring is already present in the sugar derivative undergoing con- 
densation, as in 1 ,2-isopropylidcnc-glucofuranosc (monoucetoneglucosc), 
the acetal ring formed is still of the six-membered type. For the example 
given, 1 ,2-isopropylidenc-3,5-bcnzylidcneglucofuranose is formed. 112 How- 
ever, a second isomer with a five-membered ring is formed in substantial 
quantities (1 , 2-isopropylidcnc-5 , fi-bcnzylidencglucofuranoac ) . u * 

C. Condensation with Acetaldehyde and Furfuraldehyde. Acetaldehyde 
condenses with glucose, in a manner analogous to that for benzaldehyde, 
to give 4,ti-cthylidene-n-D-glucose (III). 114 With sorbitol, a triethylidene 
derivative is formed which probably has three five-atom rings. 111 The 
action of sulfuric acid on paraldehyde is a convenient source of acetal- 
dehyde, but with methyl a-D-glucoside a product (IV) is formed (methyl 
2,3-oxidodiethylidene-4,6-clhylidenc-a-D-glucoside) which is unique in 
having a seven-membered ring formed from trana hydroxyl groups. 111 


»“P. Brigl and It. Grunor, Her., 05, 1428 (1032). 

112 P. A. Levcnc and A. L. Raymond, Bn., 00, 384 (1933). 

111 B. llelferich and II. Appel, Bn., 04, 1811 (1031); R. Sutra, Bull. sue. ehim., |6] 
0, 701 (1942); Chem. Abut., 88, 3257 (1044). 

>*• H Appel, J. Chem. Soe , 425 (1035). 

111 II. Appel and W. N. Haworth, J. Chem. Soe., 703 (1038). 
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compounds, no catalyst is used, and the water is removed by aseotropic 
distillation with benzene. 110 

D. Isopropylidene (Acetone) Derivatives. The sugars and derivatives 
react with anhydrous acetone at room temperature in the presence of HOl, 
HjS 0 4 , ZnCli, C11SO4 or P|0|, and di- or mono-isopropylidene derivatives 
are formed. 111 



1 ,2-3,4-Diinopropylidi'nc‘i'alart urn- 


in most instances, condensation takes place between the acetone and ct* 
hydroxyl groups on contiguous carbon atoms in such a manner as to favor 
the introduction of two isopropylidene residues into the molecule . m For 
rr-galaetose, the hydroxy] groups in positions 1 and 2 are on the same side 
of the ring (cm), and those in positions 3 and 4 also have a ris relation 
although the latter pair is on the opposite side of the ring from that at 
carbons 1 and 2. One acetone molecule reacts with one of these cis pairs 
and a second with the other pair. However, a-glucopyranosc has only one 
pair of cis hydroxyls (those at positions 1 and 2) and in order to make a 
second pair available, the fnranone isomer reacts and forms 1 ,2-5,0-di- 
isopropylidene-D-glucofuranose. 



1.2-5, 6-l)iinopropyliilc m‘uluci)l ui h nuw- 

Mannose also can provide two pairs of cis hydroxyls only in the furanose 
ring form, and the 2,3-5,6-diisopropylidene-n-mannofnranose is formed. 111 

“•K. 11. Hoover, li. H. Put out 1,931,309, .Nov. 7, 1934 

111 E. Fisrher and (’. Bund, Ihr., 49. 93 (19161; II. Ohio and 1. Kiillrr, ibid., 67, 
1566 (J924); I). J. Bell, J. ('hem. <8«r., 1874 (1935); 1,. Smith and J. Limlberg, Bir , 
04 , 505 (1931); J. W. Petto, ibid., 04, 1567 (1931); H. 0. L. Fischer and C. Tauho, 
ibid., 60, 485 (1927). 

lla E. Fischer and C. Rund, Her., 40, 93 (1916); C. 0. Anderson, W. Charlton and 
W. N. Haworth, J. Chtm. Soc., 1329 (1929). 

lu K. Freudenhcrg and A. Wolf, Her,, 68, 300 (1925), E. If. Goodyear and W. N. 
Haworth, J. Chm. 8or.. 3136 (1927) 
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When a ring change is not possible, as with the glycosides under nanacidie 
conditions, or when a ring change will not provide two free hydroxylB, as 
with the pentoses, the second acetone molecule may condense with hydroxyl 
groups which are not on contiguous carbon atoms. Thus, methyi o-d- 
mannopyranoside reacts with acetone (free of methyl alcohol) containing 
hydrogen chloride to produce methyl 2,3-4,6-diisopropyHdenc-D-manno- 
pyranoside. 1,1 

The isopropylidene groups are easily removed by dilute acids. In mosl 
instances, one of the groups is much more readily removed than the other ; 
1>3' selection of the proper conditions, one group is hydrolysed and the 
monoisopropylidonc sugar obtained. For diisopropylidenc-n-glur use , the 
group in the 5, 0 position is hydrolyzed more than forty timrB as rapidly 
as that in the 1 ,2 position. 12 * Hence treatment with acetic acid, or nitric 
acid and ethyl acetate, produces 1 ,2-isopropylideneglucose from the di- 
isopropylidene derivative. 12 ' The remaining group is hydrolyzed more than 
500 times as rapidly as the alkyl glycosides and disaccharidPH. 121 

The 1 ,2-isopropylidene sugars have a linkage formed from two acetal 
hydroxyls, as in sucrose. Hence, it would be expected that the group would 
he easily removed by acids. It is of interest that the 5 .fi-isopropylidpni' 
group is even more easily removed. 

The structures of the isopropylidene sugars (acetone sugars) have been 
extensively investigated particularly by application of the methylation 
procedure. 127 

Diisopropylidene-n-glucose yields upon methylation and subsequent acid 
hydrolysis crystalline 3-methylgluoose. The monoisopropylidenughicosc 
obtained by the removal of one acetone group is substituted on the reducing 
carbon since it lias no action on Fehling solution. Methylation produces 
inonuisopropylidenetrimethylglucose which must have a furanose structure 
since, after acid hydrolysis and further methylation, methyl tetnunetliyl- 
glucofuranosidc is formed. This evidence fixes the structure of the diisopro- 
pylidencglucose as having only the hydroxyl on curlion 3 free and as having 
n furanose ring - the acetone groups must then be in positions 1 ,2 and 5 
For the monoisopropylideneglucose the single acetone group is located al 
(tositions 1 and 2. A structural isomer, 1 ,2-3,5-diiHopropyIidencghicosc, 12 " 
results from the condensation of acetone with G-substituted glucoses. 
Fructose condenses with acetone to form two structurally isomeric di- 

121 B.G Ault, W. N. Huworih and K L Uirct.J ('him. Sue , 1(M2 OOXil 
1,1 K Freudenberg, W. Durr and II. v. Horhntetler, Her.. 81, 1786 (lU^Si 

]f. W. Coles, L. D. Goodhue anil R. M. Hixon, J. Am. Chtm. Sor., SI, XU (1920) 
ln W. X. Haworth in 1 lip "The Coiudituliun of the Sugars Kdwaiil Arnold A 
1 'ompany, London (1920), presents an excellent arrounl of this work 

«• C. G. Anderson, W. Charlton and W. K. Haworth ./ Chtm. Noe., 1329 (1929J 
111 H. Ohio and L. von Vargha, Ber , 8S, 2425 (1920) 
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isopropylidenefructoses which have liecn designated as “alpha” and “beta” 
diacetoucfructoses. This usage of alpha and beta has no relationship to the 
alpha and beta sugars and should be discarded when the structures of both 
have been determined unequivocally. The substance originally designated 
as the “alpha” isomer upon inethylation yields a monomethyl derivative 
which on partial hydrolysis gives a monoisopropylidene-monomethyl- 
fiuctose and on complete hydrolysis a monomethylfructose. Since this mono- 
methyltructose is convertible to the same osazone os 3-methylglucose, the 
methyl group must be at position 3. The monoisopropylidene-3-methyl- 
fruetose, after inethylation and acid hydrolysis of the acetone and glycosidic 
methyl group, yields a trimcthylfructopyranosc, the ring structure being 
demonstrated by further methylation to tctramcthylfructopj/ranoie (of 
known stmeture). This evidence places the free hydroxyl of the diisopro- 
pylidenefraetose at position 3 and the oxygen ring between carbons 2 and 6. 
The “alpha” dincetonc fructose is then 1 ,2-4,5-diisopropylidcne-D-fructo- 
pyrunose, and Hie “alpha” monaaectonefruetose is 1 ,2-isopropylidcne- 
f ructopyranose ,' J71 30 

The second isomer, “beta” diacetonefructosc (1 ), bos neither hydroxyl 3 
nor (> free since the osazone of the monomethylfructose obtained after 
methylation and removal of the acetone groups is different from the osa- 
zones of the 3 and 6-mcthylglucoseB. It is oxidized by alkaline permanganate 
to a monobasic acid (II) and, hence, one primary hydroxyl group must be 
free. Tliis acid, after acid hydrolysis of the acetone residues and subsequent 
methylation, gives the same product (HI) us that obtained by oxidation of 
methyl 1,3,4,5-letramrthylfmrtopyranoside (IV). Since the primary hy- 



iii g Preudenhcrg and A. Doner, Bit ., fiB, 1213 (19231 ; 0. G. Anderson, W. Charl- 
ton, W N. Haworth and V. B. Nicholson, J . Chem. Soc , 1337 (1929). 
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droxyl of carbon 1 of the original substance must be unsubBtituted and 
since the other carbons are involved in either ring formation or acetone 
bridges, the “beta” isomer probably is 2,3*4, 5-diisopropylidcnef ructo- 
pyrauose, 1 "' 111 but the 2 , 3-4 , ff-diisopropylidenef ructofuranoso structure 
is not eliminated. 

Mono- and di-isopropylidene-glucoses when injected into animals are 
mainly eliminated in the urine, but an appreciable quantity of acetone is 
exhaled particularly in the case of the latter derivative. 10 The diisopro- 
pylidene derivative is toxic to rabbits and rats although the mono derivative 
is nontoxic. 

E. Acetoacetic Ester Derivatives. Glucose condenses with acctoacetic 
ester, benzoylaeetie ester and /9-diketones in the presence of anhydrouBrinc 
chloride to give derivatives of furnn. 1 ” The constitution of some of the 
compounds has been demonstrated by oxidations with periodic acid and 
with lead tetraacetate. When heated in boiling solutions of dilute acids, a 
rearrangement takes place and a pvrun ring is formed. 

hco A A 

1 HC — COOEI HC — C-COOEt H.C C 6 -COON 

T + 1 — • l i ^ I i i 

(HCOH)t HOC-CHj ft /~ CM » l"° ,HC \ /tfs. / C “ 6H , 

1°„ h A 0 

CH,OH 

Glucose Acctoarciic 
i*h 1 or 

Compounds of this type have considerable biochemiral interest because 
they may explain the antiketogenic action of glucose in preventing the 
formation of ketone bodies during animal metabolism. In vilro studies have 
shown that the oxidation of the ester of acctourctir acid by hydrogen 
peroxide proceeds much more rapidly in the presence of glucose than in 
its absence. 114 

»' II. Ohio, Bn , 58, 2577 (1025) 

U *E. DiuRpiuanae and K. Ijuqurur, limj/wuloqia, 4 . 57 (1037 1 

>« 10. 8. WphI , J Biol. Chew , 60 , 63 (1025) ; 7 4 , 561 (1627) ; US, 43 (1 036); A. Muller 
and T. Varga, Bn., 71, 1093 (1030); G Gotuftlcn, Avoid nor ropall Uniro qutm., St, 
815 (1934); J. K. X Jones, J. Chrm Bor , 116 (1945) 

» P. A. Shaffer, J. Biol. Chrm . 47, 433, 449 (1921) 



Chapter VI 
THE POLYOLS* 

PARI’ 1 

VCYCJiIC POLYOLS (GLYMTOLs) 

The designation '‘polyols” iutroduced here is aynouymous with the 
longer, customary term, jxilyhydric alcohols. The polyols may conven- 
iently be divided into two general classes, tlie acyclic linear polyols which 
which will be considered in Part 1 and the alicyclic or cyclitols which will 
compose Part 1 1 . Examples of each class arc sorbitol and mew-inositol. 

The first group, also called sugar alcohols or glykitols (sec p. 17) is the 
target from (he standpoint of the number of known compounds although 
only a minority occur in nature. 1 The acyclic polyols may be subdivided 
on the basis of the numlier of hydroxyls in the molecule into tetritols 
pentitols, hexi tills etc 

Vs n group the ncyclir polyols are crystalline bodies covering a wide range 
in melting point and m taste ranging from faintly sw'pet to very sweet 
The distribution in nature apparently is limited only to plants ot the higher 
at> well as lower orders The polyols found in the mannas and exudates ol 
certain plants are sometimes of secondary origin ns a result of the action ol 
bacteria on carbohydrates in the exudate. Several anhydrohexitols (Clmp 
ter Ml I ) and glycosides in which hcxitols supply the aglyron groups (Chap 
ter XI) in cur hi plant products. 

Polyols, particularly glycerol, ethylene glycol, sorbitol and mannitol 
have widespread commercial nppliration, frequently as a result of then 
solubilitv in wuter and their hygroscopic properties. The organic mono 
esters, particularly of long-ehain fatty acids, may have surface active pro 
perries which make the products of interest as emulsifiers and tonm-pro 
during agents, but Ihe usual conditions of commercial esterification produce 
anhydro derivatives simultaneously (Chapters TV and VIII) Nitralc 
enters are important compounds as explosives The acetal derivatives 
(Cliaptcr V ) have been extensively prepared ami studied, but as yet have 
found no practical application. 

* Piepared by i)r. Mol Boltsberg, Atlas Powder Co., Wilmington, Del 

1 Although ethylene glycol and glycerol (diol and tiiol, respectively) may be 
properly classified as sugar alcohols they will not be considered here as they have 
been suitably covered in several books dealing exclusively with these compounds 
See: J W Lawrie, “Glycerol and the Glycols,” A. l\ S. Monograph 44, Chemical 
Catalog Co., New York (1028); G. Leffingwell and M Lesser, “Glycerin," Chemical 
Pub Co , New York (JMS). 
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Mannitol, sorbitol and glycerol an* nontoxic precursors of glycogen in 
the animal body, but in h general way, the anhydride* are not metabolis- 
able. 5 

ft 

1. Configurations, Occurrence and Preparation 

Ah indicated above, a convenient dassificalion, which will la* adhered to 
lielow , is that based on the numlier of hydroxyl groupn in the molecule. 

A. Tetritols. All of the tlieorctically possible telritols are known. The 
configurations shown will be limited only to the n member of an enantio- 
morphic pair (For a discussion of configurational prefixes, see p. 1 A.) 


Hi COB 

I 

HOCI1 

I 

UCOH 

I 

lti con 

ti; 

■> Threitol 
(/-KrvOiritnl) 


HiCOH 

I 

HCOH 

I 

HCOH 

I 

HiCOH 

(II) 

Eiyt.hritoJ 

(mr«0-Ervthritoh 


o-Threitol (l), m.p. 88°; la]o +4.3° (lliO); dilienzylidenc derivative, 
m.p. 231'. This alcohol is not found in nature. It was synthesized by Ma 
quenne’ from n-xylose by way of the Wohl degradation and sodium amal- 
gam reduction. 

t-Threitol, m.p. 88-80 ' ; [u]d -4.1ti‘. Like its enanLiomorph tiiis com- 
pound is purely synthetic. It was obtained by Bertrand 4 from erylhrilol 
by liacterial oxidation to L-erythrulose followed by reduction with sodium 
amalgam. 

D,L-Threitol has been characterized only as the dilienzyhdene derivative, 
m.p. 217 -0°. The racemate was synthesized by novel means starting from 
3, 4-cpoxy-l -butene.* The steps required urc given us follows: 


H H II It 

HiC - - -C <>-CH, H.C--C -0=~CH, i, i-Ttueit-.l 

\ , ' 0 0 a ivl 

0 H H Krythritol 

Erythrol 

■Bee: C. J. Carr and J. C. Krauts, Jr., Advances in Carbohydrate Chew , 175 

(1045). 

1 L. Maquenne, Compt. rend., ISO, 1402 (1900). 

4 G. Bertrand, Compt. rend., ISO, 1472 (1900). 

■ H. Pariaelle, Compt. rend., ISO, 1843 (1910) 
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Eiythritol (II) m.p. 120°; dibenzylidene derivative, m.p. 201 This tet- 
ritol occurs in nature in certain algae, 1 lichens 7 and grosses.' 

In addition to the classical methods (reduction of appropriate aldose or 
ketose),*' 1 eiythritol was obtained synthetically from 3,4-epoxy-l-butenfi 1 
and from epichlorhydrin through the following series of stops: 10 


II 


n,C 0— CIIsCl ^ N 0~ 01 It — CIIOH — ClIiCl 


NO — CII, — CIIO — CHj Cl 


/ 


Epichlorhydrin 


Erythritol 0=('—C—C— OH, 0=0— 0=0- OH, 


II H 
-0— C- 

ho on 


■aiieoim 
N%COi 

II II 

0 = 0 - 

L-o — I 


Cirincr 11 also describes a very interesting synthesis from butadiene. More 
rerently (ilattfeld and Stack 12 obtained erythritol by the liigh pressure 
reduction of butyl erythronate. 

B. Pentitols. All of the pcntitols predicted by theory are known. As 
in the case of the tetritols, only the d configurations of the optically active 
polyols will be indicated. 


Ib COH 

I 

110 CH 

I 

neon 

I 

neon 

I 

CHiOH 

OID 

n-Arabitnl 

(n-lyxitul) 


HgCOH 

l 

Hcon 

I 

IIOCH 

I 

HOOII 

I 

CHjOH 

(no 

Xylitol 


HiCOH 

i 

HC01I 

I 

HOOII 

I 

noon 

I 

CH,0TI 

(V) 

llibitol (adonitol) 
(mcno) 


*M. Bamberger and A. Landsiedl, Monatsh., 81, 571 (J900); ,1. Tiarher, X. physiol. 
Chem., 843, 103 (1930). 

I 0. Hobsc, Ann., 117 , 297 (1891); J. prakt . Chem., [2] 92, 125 (1915); A. Gone and 
P. Ronrcray, ( 7mm. Zentr 78, 1, 111 (1907). 

b A. W. Hofmann! Rer., 7, 508 (1874). 

•0. Huff, Ber., $ 8 , 3677 (1809). 

iD R. Lespieau, Bull . soc. r him., [4] 1, 1112 (1907). 

II G. Griner, Bull. soc. rhim., [3] 9, 218 (1893). 

» J. W. E. Glatlfeld and A. M. Stack, J. Am. Chem. Soc., 69, 753 (1937). 
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D-Arabitol (III), m.p. 102"; [ajo +' 7 .82° (borax); pentaacctate, m.p. 
76°. This polyol is rather rare in nature but has been found in certain 
lichens.” It is also found in the mushroom, Fistulina hepaiica, to the extent 
of 9.5% on the dry weight. 14 

Synthetically, D-arabitol lias been obtained by the reduction of either n- 
arobinose" or D-lyxose 1 * by means of sodium iimn.lg n. in . 

li-Arabitol. The reported physical constants agree with those given for 
the d form except that the rotation in borax solution is somewhat smaller 
([a] D — 5.4°). 17 It docs not occur naturally and has been prepared by the 
reduction of L-arabinose 1 * and by employing the Cannizzaro reaction with 
L-arabinose in the presence of nickel. 1 ' 

D,L-Arnbitol, m.p. 105°; pentaacetate, m.p. 95°. The racemate is not 
found in nature and, of course, can be prepared from an oquimolerulur mix- 
ture of the enantiomorphs. It has been obtained synthetically along with 
ribitol by Lespieau. 20 The synthetic approach used by Lespicau is of general 
application and is equivalent to a total synthesis. The steps taken are as 
follows : 

CH*=CHCHO --*■-> CH.H - CHCT — CHO CH,Cl 

Acrolein I 

CHC1 

I 

C1101I 

I 

(3 



RCIIOIICII.OII i>,L-Aruhitul pentaacctHlc and ribitol peotiuretnt' 

Xylitol (IV), m.p. 01—01.5“ (metastable modification), 93-94.5 1 ' (stable 
modification) ; dibcnzylidenc derivative, m.p. 175°. Xylitol is not found n 

11 Y. Asahina and M. Y anagita, Ber. , 6*7, 799 (1934) ; T. J. Nolan, J . Keane and V . I£. 
Davidson, Set. Proc . Roy. Dublin Soc., 22, 237 (1910). 

11 M. Frfrrejacque, Compt. rend,, 808, 1123 (1939). 

“ O. Ruff, Ber., 32, 550 (1899). 

« O. Ruff and G. Olleudorf, Ber., 33, 1798 (1900). 

17 E. Fischer and R. Blahel, Ber , 21 538 (1891). 

” II. Kiliani, Ber., 80, 1234 (1887). 

18 M. Dellpiue and A. Ilorcuu, Bull. tor. rhun [5] 4, 1524 (1937). 

,# Il. Lospieau, Advances in Carbohydrate Chm 2 , 107 (1946),’ Compt. rend., 80S, 
145 (1036). 
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nature despite the abundance of its parent aldose, o-xylose (wood sugar). 
Although xylitol has been known for about 50 years, 17, u it had never been 
obtained crystalline until Wolfram and Kohn® obtained the metostable 
form in 1042. Shortly, thereafter, the stable modification was reported by 
Carson, Waisbrot and Jones** who were able to go from one form to the 
other at will. In the more recent work, n-xyloae was redured over nickel 
under pressure, whereas Fischer employed sodium amalgam. As pointed out 
by Hudson,* 4 pressure hydrogenation in general will yield a purer product 
than that obtained by the sodium amalgam reduction of sugars. 

Xylitol is one of the sweetest polyols known. 

liibitol (adonitol) (V), m.p. 102°; dilwnzylidene derivative, m.p. HU 
5". Ribitol thus far has Iteen found in nature in only two plants, Adorn* 
t'cmahs* 4 and Bupkurum falcatvm root (the Chinese drug, Chei-Hou). M Tn 
a combined form it iH a constituent of riboflavin (vitnmin Uj) (see also Chap- 
ter IX). 

Synthetic ribitol has been prepared by the reduction of L-ribose with so- 
dium amalgam.* 1 Oddly enough, whereas i.-rihosc is a synthetic pentose, 
ribitol does not appear to have been prepared from the naturally occurring 
n-ribosc. liCNpieau* 0 14 obtained ribitol ulong with d , n-arabitol by his novel 
synthesis, mentioned previously. 

C. Hexitols. Then* are ten stereoisomeric hexitols possible and all an* 
known. Again only the formulas of the n-enHntioinorphs and meso com- 
pounds will Ik 1 given.*" 

Sorbitol** (n-sorbitol, n-ghicitol) (VI ), m.p. 93 ’ (labile form), 97.5' (sta- 
bile form); [a|» --1.9S" (TTyO), [a]n +fi.f) n (borax); hexoaretate, m.p 
101 - 2 '’. 

Sorbitol is one of the most widespread of all the naturally occurring poly- 
ols. It is Tound exclusively in plants, apparently ranging trom algae (sea- 
weed) to the higher orders especially in the fmit and berries, but not in 
grapes or only to an insignificant extent. It was discovered in the fresh 
juice of the berries of the mountain ash ( Barbus aucuparia L.) by Boussin- 
gault in 1872; sorbose hud lieen found ( i arlier in the fermented juice by 

11 IS. Fischer, He,., 97, 2487 (1894) 

11 M. L. Wolfnmi and E. J. Kohn, J . Am. Cheat. Sot , 04, 179!) (1942). 

» J. F. ( arson, H W Waisbrot and F T. Jones, J. Am. Chtm. Hoc., 06, 1777 (1943) 

14 C. 8. Hudson, Advances in Carbohydrate Chtm , /, 21, (1945). 

“ W. V. Podvvvkssozki, Arch Pharm.,997, 141 (1889); E. Merck, i bid., SSI, 129 
(1893) 

»F. Wessely and 8. Wang, Monateh., 79, 168 (1988). 

» E. Fischer, Bar., 90, 638 (1893). 

11 R. Leepieau, Bull. toe. ehim., [5] 6, 1638 (1938). 

11 For a more extensive discussion of the names and of the eonfigurational prefixes, 
see Chapters I and II. 
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Pelouze (1862). In the red seaweed, Bostrychia scorpoides, sorbitol u found 
to the extent of 13.6%, ,a and in Sorbut rommixta Nedlund, to the amount 
of Strain" has examined a large number of plants anil determined 

their sorbitol eon tents Fruit of the plant family llosaceae, such an pears, 
apples, cherries, prunes, peaches and apricots, contain appreciable amounts 


of sorbitol 11 
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Sorbitol has been obtained synthetically trom u-glucose bv reduction 
with sodium amulgam and by pressure hydrogenation using platinum, 
Roney nickel or Adkins-type nickel catalyst It lias also been obtained bv 
the electrolytic reduction of glucose, by the Cannizzaro reduction oi glucose 
in the presence of a hydrogenation catalyst and by thp pressure hydrogena- 
tion of gluconic lactones. 

Of the various processes, pressure hydrogenation and electrolytic reduc- 

«• P. Haas and T. G. Hill, Btochem J , 98, 987 (1982) 

11 Y. Aaahina and H. Shimoda, J. Pharm. Soc Japan, 80, 1 (1980) 

« H. H. Strain, J Am. Cham. Soc., 89, 2264 (1987); 88, 1766 (1934) 

" C Vincent and Delaehanal, Compt rend., 109, 676 (USB) 
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tion arc the industrially preferred operations. 14 As a result of these two proc- 
esses and the advent of cheap crystalline glucose of high purity, sorbitol is 
no longer a chemical curiosity but an established cheap article of commerce 
generally sold in aqueous solution. 

Thus far, aside from patents, very little has been published concerning 
the commercial pressure hydrogenation process. It is believed to be limited 
mostly to a batch type process although a continuous method should also 
prove feasible since a continuous process has been developed in Germany 
for the reduction of glucose to “glyccrogen,” a mixture mainly of ethylene 
and propylene glycols but containing some glycerol and liigher polyols. 

In one commercial batch process, an Adkins-type catalyst is UHcd (a 
nickel salt is precipitated on a porous clay support, dried, ground and re- 
duced in a furnace). The catalyst is suspended in an aqueous glucose solu- 
tion, and the reduction is carried out in an autoclave at about 150°C\ under 
100 to 150 atmospheres pressure. 

In the electrolytic proress, which is continuous, a glucose solution con- 
taining sodium sulfate as the electrolyte is reduced at an amalgamated lead 
or zinc cathode. The anolyte is sulfuric acid contained in alundum dia- 
phragms. The present electrolytic process is a refinement of the original 
Creighton process. 84,, *“ 

D-Gulitol (L-sorbitol, L-glucitol), m.p. 89-91°; [ol]d 2 " +2°; hexaacetate, 
m.p. 98-99°; [a]®* 7 —10° (CllCb). Tins polyol is nol found in nature. Tt 
lias been synthesized by the reduction of n-gulosc by catalytic high-pres- 
sure hydrogenation 316 and from D-sorbo&e by means of sodium amalgam. 87 

D,i.-Oulitol (d, L- glucitol, d, L- sorbitol), m.p. 135-7°; hexaacetate, m.p. 
117-18°. The racemic polyol has been made by mixing equimolecular quan- 
tities of the two components and has also been isolated in small yield from 
a commercial sorbitol prepared by the electrolytic reduction of D-glucose 
under alkaline conditions. 86 

D-Mannitol (VII), m.p. 1Gf>°; [ck]d“ —0.21° (11*0); [a]n +28.3° (borax); 

84 There are a number of patents based on these two processes: 

a. Pressure hydrogenation: 

i. G. Farbenind. A.-G., British Patent 354,196, May 1, 1930; French Patent 
604,424, April 25, 1930; J Mueller and V . Hoffman, U. 8 Patent 1,990,245, Feb. 
5, 1935; A. W. La char, U. S. Patent 1,963,999, June 26, 1934; H. 8. Rose, Jr., 
(T. 8. Patent 2,292,293, Aug. 4, 1944. 

b. Electrolytic hydrogenation: 

H. J. Creighton, U. S. Patents 1,712,051, 1,712,952, May 14, 1929; G. A. Krikhgof 
and O. I. Korzina, Russ. Patent 51,750, Sept. 20, 1937; R. A. Hales, U. S. 
Patent 2,289,199, 2,289,190, July 7, 1942 ; 2,300,218, Oet. 27, 1942. 

88 R. L. Taylor, Chem. & Met. Eng U, 588 (1937); H. J. Creighton, Can . Chem. 
Process Indx., id, 690 (1942); Trans. Electrochcm. Soc. t 75, 389 (1939). 

u M. L. Wolfram, B. W. Lew, R. A. Hales and R. M. Goepp, Jr., J. Am. Chem . 
Hoc., 00,2342 (1946). 

17 C. A. Lobry de Bruyn and W. Alberda van Ekenstein, Pec. trav. ckim ., 10, 7 
( 1900 ). 
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liexaacctate, m.p. 125°. Like sorbitol, D-mannitol is widespread among 
plants. However, unlike sorbitol, it is frequently found in exudates of 
plants. It is probably for this reason and because D-mannitol is a highly 
crystalline and only moderately soluble polyol that it was the first crystal- 
lino polyol discovered. 5 * It v as isolated from the manna of the flowering or 
manna ash, FraiinuH ornus . It is also found in the exudates of the olive and 
plane trees, constituting 80 to 90% of the latter's exudate.” For a time d- 
mannitol was obtained commercially in Sicily from the sap of Fraxinus 
rotundifolin. 

n-Mannito) has been synthesized by several methods. At present the 
most commercially important method is flic electroreduction of D-glucose 
under more or less alkaline conditions; D-sorbitol is formed simultaneously. 
Depending on the alkalinity, over 20% of the glucose can be converted to 
D-mannitol in this manner. 

For the best laboratory preparation D-inaniiil ol is obtained by the cata- 
lytic reduction of D-mannose obtained from the vegetable ivory nut (see 
Chapter 111 ), or by the reduction of D-f rue lose or invert sugar. 

Among other syntheses are the catalytic reduction of D-monnonic 5- 
lactoiie 411 and the microbiological conversion of D-glucoso or sucrose. A 
species of Aspergillus is capable of producing a 30% yield of D-mannitol 
from D-glucosc, 41 whereas based on fructose' content. It. roll, B.frcundi and 
li. paratyphii are reported to give 92 to 9.3% conversion of sugar-beet diffu- 
sion juice, 91% of carol) beans and 92.7% of grape juice. 1 - 

L-Maimitol does not occur in nature. It has been obtained by the reduc- 
tion of L-m&nnosp with sodium amalgam 43 or the catalytic reduction of 
L-mannonie lactone with the aid of a platinum catalyst containing a little 
iron and under a pressure of 80 atmospheres. 14 

D,L-Munnilol (or-aerilol), m.p. 108°; tribeuzylidene derivative, m.p. 
190-2°. It has been obtained by the* reduction of or-acrose (see p. 112). 
Divinylglycol from acrolein was the starting point of Ijcspieuu and Wie- 
inann. 20 46 The glycol was obtained from acrolein by reduction with the 
zinc-copper couple and was then oxidized with silver chlorate and osmium 
tetroxidc to D,L-mannitol. Allilol was obtained simultaneously. It is ap- 
parent, therefore, that this divinylglycol must be a mixture of diols in 
which the hydroxyls are ns and tnms. 

Jl Promt, Ann. chim. phy*., [1] 57, 144 (1806). 

” E. Jamlrirr, Compt. rrnd., 117 , 40H (1803). 

" J. W. E. (Out I fold anil O. W. Srhimpfl, ./. Am. ('hem. S W., 57, 2204 (1935). 

“ J. H. Birkiushaw, J. II. V. Charles, A. llethpiiuRton tin d II. IlaiBtriek, Tiana. 
Hoy. Sue. ilAmdtm ), B320, 153 (1031). 

u V. Bolcato und G Potiquini, 1ml. aarrm tftil , 32, 40S (1039). 

“ 10. Fiselipr, lit r. t 23, 375 (1890) 

w E. Baer and H. O. L. FiBcher, J. Am. Chtm. Bor., 31, 761 (1939). 

46 II. Lespieau and J. Wiemann, Compt . rend., 194, 1946 (1932); Bull . soc . chim., 
[4] 59, 1107 (1933). 
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Another interesting synthetic approach which also constitute a total 
synthesis was accomplished by Pace. 48 Sodium acetoacctic ester was o\i 
dizod with iodine, the product saponified and carbon dioxide eliminated to 
give 2,5-liPxuncdionc. The fliketone was reduced to the diol, which was 
transformed to the dibromide. The hexodiene was formed and converted to 
the tetrabromidc and subsequently to Ibe hexabrumide, which upon treat- 
ment with alcoholic potassium hydroxide gave D,L-munnitoI. 

n-Talitol (VI II), m.p. 80° ; [a]“ +3.05“ (H s O); tribenzylidene deriva- 
tive, m.p 205 0 r . o-Tnlitol does not occur in nature. It was obtained crys 
talline by Bertrand and Hruneau 47 who repeated K. Fischer’s earlier syn- 
thesis (reduction of D~talonir lactone with sodium amalgam). 

L-Talitol, m.p. 87 88 , |«J“ — 2.29 c (H 2 0) w r as the last oi the hexitols 
to be synthesized. It wa^ obtained by the reduction of L-ultrosc w ith a sup- 
ported nickel catalyst at 2000 lbs. pressure and 100 V . 4H 

D 1 L-Talitol, m.p. 95 -ti , dws not occur in nature. It lias been synthesized 
by mixing the pinifitioiuorphs in eiiuimnleeulur amounts. 18 As pointed out 
by these investigators, the melting point does not agree with that ((Mi 07” ) 
reported by K. Fischer in w ho oxidized galactitol with lead peroxide and re- 
duced the product to the polyol which was converted to the tribenzylidene 
derivative, m.p. 205 ti ; the hcxitol was ivcoxered from the latter deriui 
tivc. It was suggested that Fischer’s product was either impure or a lower 
melting polymorph. The preparation of the tribenzylidene deri\ative oJ 
the synthetic mixture would provide a second comparison ot the two 
products. 

D-Iditol (IX), m.p. 73.5"; [a]? +3.5 r (ll-O); hexaacetate, m.p. 12J.5 , 
l a J? +25.3 (CHCli). This polyol does not occur in nature It has liecn 
synthesized by the reduction of D-idose 5 ® and n-sorbosc, 37 the latter also 
producing n-sorhitol. 

L-Iditol (sorbieritc), m.p. 73.5°; |«]u — 3.83 L 111*0); hexaacetale, in.p. 
121 .5 [a]* 25.65 n (CIICli) ; tribenzylidene derivative, m.p. 242°. This 

polyol appears to be the rarest of the naturally oceurring hexitols. 11 has 
l>een isolated only from the mother liquor after removing D-snrbitol by 
fermenting the juice of the mountain ash berry (fiorbuu mintparia). 11 w r as 
at first thought to he an octitol bul Bertrand dehnitely established it as a 
hexitol. 11 It has been synthesized by the reduction of L-sorbose to D-sorbitol 

48 E. Pace, Arch, farmacol. sper 43, 167 (1926) 

11 G. Bertrand and P. Bruneau, Compt . rend ,, Ufi , 482 (1908); Bull. toe. vhim , 
[4] a, 495 (1908). 

41 F. L. Humoller, M. L. Wolfram, B. W. Low and R. M. Goepp, Jr., J. Am . Chem. 
Soc.,07 , 1226 (1945). 

18 E. Fischer, Her., 27, 1528 (1894). 

iB G. Bertrand and A. L&nsonberg, Compt . rind., 143 , 291 (1906); E. Fischer and 
W. Fay, Ber., 28, 1975 (1595). 

81 G. Bertrand, Bull. toe. ehim. t [3] 55, 166, 264 (1905). 
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and L-iditol; the sorbitol was removed by fermentation with sorbose bar* 
tcria and the nonfermentable L-iditol was isolated os the trihensylidene 
compound. 

Although reduction of L-sorbose appears to yield equimoleeular amounts 
of the two hexitols, reduction of pentoacetyl-lcto-L-sorbose appears to 
favor the formation of L-iilitol. A 60% yield of L-iditol hexaueebalc was oh 
tained tvhen pontoacctyl-Avfo-L-sorbose was hydrogenated over platinum 
catalyst in absolute ether at four atmospheres pressure. The hydrogenated 
product was further acctylatcd to the hexaacetate and fractionally crystal- 
lized.* 4 A 90% yield is claimed when the reduction is carried out in alcohol 
using Raney nickel and atmospheric, pressure at room temperaturo." 

Calactitol (dulcitol) (X), m.p. 188.5—189°; hexaacetate, m.p. 171°; like 
D-mannitol, has a widespread distribution and is found in plants ranging 
from red seaweed and pentose-fermenting yeast ( Torula utilis) to the 
mannas of higher plant life. Madagascar manna appears to be relatively 
pure dulcitol. 64 At one time didcitol was called melompyrum or melampy- 
rite after Melnmpynm ncmorosvm, from which source it was first isolated. 11 
It was found to the extent of about 2% in the fairly common American 
shrub, the burning bush** (Evonymua alropurpumts, Jacquin). 

(lolact itol has been synthesised from d- galactose by'direct reduction and 
liy the Cannizzaro process of IV16pine and Ilorcau." The equivalent of a 
total synthesis was achieved in the following manner:* 

2 ni.C'ICHO niiC1 nfOH — 0=C — CHOH — CH,CI 

( 'lilnroarot nlilehyile 

powdered KOH 
in ether 

fibOH t'Hoii- t*sc -ciioh-cii,oii on, cii— esc— ch— ch, 

\/ \/ 

Hi, Bourguel'a 0 0 

rftUlynt 

(’ll, OH CHOI! CH— nil -ClIOH- -ai, Oil (Ag^ oi+md ,)* mostly Allitol 

vetylata 
and oiidire 
( tgClOi + OsOa) 

CIItOAi*-- CHOAc- nioir - CHOH- - CHOAr - CITiOAc 

aretylade^ (jj^titol hexaaeet&te 

“ F. B. Cramrr and E. l’acsu, J. Am. Chem. 8oc., SB, 1467 (1937). 

11 V. Khouvinc and G. Arragon, Bull. eoc. chim., [5] 5, 1404 (1938). 

“ G. Bouchardat, Ann. chim. phya., [4] B7, 68 (1872). 1 

“ Illinefeld, Ann., H, 241 (1837). 

H See: H. llogerson, J. Chem . Soc., tOl, 1040 (1912). 

#T It. LeHpieau and J, Wiemann, Compt. rend., IBB, 183 (1934); R. Lespieau, Bull, 
soc. chim., [6] /, 1374 (1934). 
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Hie diolization of the double bond in this scries of reactions appears to 
bo analogous to the diolizntion of the double bond of ronduritol, a ryclo- 
hexenctetrol (see Cyclitol section). 

When the hexcnetetrol above was oxidized directly, the hydroxyls 
.uttered rig to the hydroxyls already present and ullit ol was the chief prod- 
uct; similarly alloinositol was obtained on oxidation of isopropylidene- 
conduritol diacetate with potassium permanganate. On the other hand, for 
the two fully acetylated tctrols (acyclic and cyclic), the hydroxyls entered 
trans to those already present giving galactitol and mucoinositol tetraace- 
tates, respectively (p. 275). 

Allit ol (ullodulcitol) (XI), m.p. 150-151°; hcxaacetute, m.p. 01°; 
dibenzylidene derivative, m.p. 219 50°. Allitol does not occur in nature. It 
1ms been obtained along with n.ii-munnitol by the oxidation of Griner’s 
divinylglyrol. 46 Wieinann M modified this synthesis by brominating Griner’s 
divinylglyrol instead of oxidizing it. He isolated a tetrabromide in which 
the hydroxyls were cis. Then, on debroniinnlion, the divinylglyrol with ex- 
clusively cis hydroxyls was obtained which on oxidation with the silver 
chlorate, osrnic acid reagent gave allitol with but a trace ol galactitol. 

An unequivocal synthesis of allitol was the reduction ol n-allosc with 
hydrogen and nickel cutulyst . 5 ’ The resulting hrxitol agreed in its con- 
stants with the product made by Lcspicnu and Wiemanu. 

D. Heptitols. 6 " Only ten of the sixteen theoretically possible heptitols are 
desrribed in the literature. Of the ten, only two are iound in nature anil 
another may be identirid with one already known. The configurations of 
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r Wii*mann, Ann. chxm., [1115,267 (1936). 
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Ihe D-scries of the known optically active heptitols and the menu forms are 
illustrated. 

The relationships between the naturally occurring heptoses ami the 
corresponding hcptitols and hexoseH an* shown below * : 

n-MuunnheptuIose 

/ T \ 

D-Volnnitol <— ii-MannoRo — > D-lVrwitol 

S' \ / 

i>- Alt rose n Hrdohrptulnw LtPitwuIom' ij-(ialH('lnfli» 

\ / \ y 

l (lulu D-tuh) li( k plitol <— i.-(lulriHO — * i<-(«ulo n fjfl/a-hoptitol 

Uluco-ffido-heptitol (m-glucolicptitol) (XII), m.p. 12!)°; heptnaeetate, 
in.p. 118°. This polyol does not occur nnturally. It has been prepared by 
llic reduction of a-glucoheptose obtained from D-glucose through the 
(‘.vanohydrin synthesis." 

D-GIuro-D-itfo-heptilol (D-0-ghicohcptitol) (XIII), in.p. 129 l«J* 
+0.7° (11,0); heptulwnzoate, m.p. 181°; [a]? +25.3" (t'lK’h). This is 
not u naturally occurring polyol; it hns been synthesized In the reduction 
with sodium amalgam of D-0-glucoheptose as ubove." l-( lluro-L-irfo-hepti- 

* The full arrows represent demonstrated conversions. For galactose anil pilose, 
the arrows with dotted lines represent conversions carried nut with the enantio 
nimphir modifications. The conveision of li-altrobf to the guloheplitol remains to 
U> accomplished. 

11 K. Fischer, Ann., t70 , M (1892); L. 11. Philippe, Anti chim. phyi., [81 M, 2NU 
( 1012 ). 
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lol was obtained by hydrogenation of c-glucoheptulosc in the presence of 
Raney nickel** 

D-Manno-D-^n/rt-hcptitol (n-pcrseitol, n-mannohcptiiol) (XIV), m.p. 
1R7°(«1? -1.1" (HjO) ; heptnacotutc, m.p. 119.8°, [«]? -I3.3 r ((’IICl*). 
'rhis is one of the two naturally occurring polyols. It has licen isolated 
from La\irun perera L. (avocado)."* Its synthesis Las l>oon accomplished by 
the reduction of n-mannoheptoar (n-munno-D-#fifa-hrptosc) M and of i.- 
perseulose,*' a naturally occurring ketoheptose. 

L-Manno-ij-pnfa-heptitol (i.-perscitul, D-u-galahcptitol, n-galu-Ji-wo/ino- 
heptitol); m.p. 187"; |a]u +1.1° (11*0); hcptoacctate, m.p. 119‘; falu 
+13.4“ ((’IICli) This polyol is the enauliomorpb of XIV and lias been 
synthesized by the reduction of n-o-galahcptose It has also been obtained 
by the reduction of li-a-mannolicptose. M 

D,L-Manno-$/a/n-heptilol (D,L-porseitol), in.]). 208'. This is purelv a 
synthetic mixture. 

o-Manno o-to/o-heptitol (u ft mannohcptitol, a sedoheptitol, u voleinitol) 
(XV), m.p., 153°; |oj? +2.1°; heptane otate, m.p <53°; |«l“ +3(5.1° 
(CHOU). ThiH is the second of the naturully occurring lieptitols and has 
lieen found in a mushroom, Larlarivx volrinua, 1 ' 1 ’ us well ns in the roots of a 
number of varieties of planls of the primrose family.' 8 

D-Volcmitol has been synthesized by the reduction of n-^-mannoheptose 
( D-manno-D-f a f o-hepl ose )" and of the nalural sedoheptulose." 11 

D-tiala-n-j/b/ro-hcptitol (D-0-galuhrptitol, D-a-gulohcp(itol) (X\ I ), m.p 
141.5°, |a|j? +2.(° (11*0); heptaaeetnte, m.p. 118 1 ; [a|“ +11. 1‘ 
(CHOU'- This synthetic |>olyol w«h obtained by the reduction of o-d-gida- 
heptose 81 or n-a-guloheptose. 78 

ii-(!ala-i)-j//uca-heplitol, the enant ionmrpli ot X\l, m.p. 141°, |«|ff 
— 2.4° (H*0); heptaacetate, m.p. 118 ; |n|” - ll.l f (CHOU). This alco- 
hol has been synthesized by (he reduction of i.-pci'seulose, 71 D-pcrscitol also 
l>eing found. 

n , l-( Jala-ffh/ro-hepl it ol, m.p. 130' ; heptuacetute, m.p. 127 r . 'Phis rwT- 
mate was obtained by mixing equimolar amounts of (lie two component «. 

“ W. 1). Marlaj , It. M. Hann and t) 8. Ibidmiii, J. Am Chi m. Sw , 04, 1MKJ (III 12 j 

H L. Maqucnnr, Compt retul., 107, 583 (188Sj, .Inn r/inn ph i/k., |6 1 It), 5 |1S*KI 

84 G. I’cirre, J. Biol Chem., 83, 327 (1915). 

“ G. Bertrand, Compt itnd., 149, 226 (1909). 

M W. 8. Smith, Ann., 979, 182 (1893). 

11 E. Bourquelot, J. pharm. ohm., [0] 9, 3S5 (1895). 

" J. Uuugault and (1. Allard, Compt. rend., IK, 790 (1902) 

“ r. B IjuForgr, J Biol. Che m., 4». 375 (19201 

n F. B. La Forge, J Biol. Chem., 41 , 251 (1920) 

n R. M. Hann and C. B. Hudson, J. Am. Chem (fur., 61. 330 (1939); (! Holland 
Compt. rend., 14», 226 (1009). 
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n-Gulo-L-fofo-heptitol (XVII), m.p. 128-129°; [a]? +0.95° (HiO), 
- 4.0° (i«t. borax). This polyol was first synthesized by La Forge by the 
reduction of D-0-guloheptose and hence was called D-0-guloheplitol. He 
considered tliis subbtuuce to be opticully inactive. However, it hut since 
been shown to have a slight hut definite optical activity 7J 
L-Gulo-D-ta/o-hoptil ol is the enanliomurph of XVII. It was obtained 
conjointly with n-niunno-n-to/o-heptitol (n-volemitol ) by Kttel” from the 
reduction ot Hedoheptulose. Hence, it must lie the epimer of o-volemitol. 

“a-Gluroheptulitol,” m.p. 144°; [a]" -2.24° (11*0), heptancctate, m. 
p. 1 10 7°. The configuration ol this heptitol is still in doubt although it was 
obtained along with a-glucoheptitol (XII) by the sodium amalgam reduc 
tion of n-glurohcptulusc. 71 (For further discussion, set 1 lmlaw.) 

E. Octitols, Nonitols and Decitols. Four octitols, one nonitol and one 
decitol have been described. Of these only the configurations of the octitols 
are completely known. 

The configurations, as fai as an* known, are represented in fomrnlas 
XVIII to XXIII. 

D-Gluco-i.-gflfo-oclitol (XV11I), m.p. 153°, [r*)n +2 4° (H*0); octoace- 
tate, m.p. 88-89°, (aln 4 20.7 e (CITCL). This polyol is not nnturnlly ocrur- 
rmg, and it has been synthesized by the redurtion ot the corresponding 
oetoses obtained from n-glucose and from D-galactose by way of the ryano- 
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” \ T Merrill. W T Haskins, R M Ilann and C' S Hudson, Am. Chem.fioc., 
V9. 70 (1W7) 

M L El tel, Culledwn ('techuhliw Chun. Comtnun., 4, 513 (1932.) 

74 (1. WiTlinnd and (! Nilzherg, Compt rend ,188, 1172, 1773 (1928); V Kliouvim- 
and (I Nilzberg, ibid , 19V, 2IS (1933). 

» R. M Haim, A T Merrill and <\ S. Hudson, J. Am. ('hem Sor., 06 , 1912 (1W4). 
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D-CUuro-L-tafo-octitol (XIX), m p. 1 (il 2 J , fa]? -0.8° (ll a < ) ) ; uelunee- 
tutc, m.p. 101-2°, [a|? +17.1° (CIK’lg) 'This polyol was obtained by the 
reduction of the corresponding ortose. 

Manno-mau/iu-octitol (XX), optically inactive, m.p. 262 J ; ortaure- 
tate, m.p. 106". This was likewise obtained by reduction of Ihe corre- 
sponding ortose obtained from D-mannose by use of the cyanohydrin 
synthesis. 71 

D-Craln-J.-f/a/a-or tit ol (XXI ), m.p. 230' , [n]u0.()° (11*0), - 0.5 (1 >orax ) ; 
octaacetiitc, m.p. 141", |nc]n +40.4" (CIH'b). This synthetic polyol was 
obtained by reduction oi the corresponding ortose obtained from n-galur- 
tose by way of the cyunohydrin synthesis. 77 

«,a,a-D-(Uucononitol (XXII), m.p. 1 98°, [a]? +1.5" (UjO). As the 
designation ‘‘a” indicates, this nonilol was obtained' 1 by reduction of the 
moHl accessible nniiose from D-glucose by way of the cyanohydrin synthe- 
sis. The configuration of this compound is not entirely known. 

a, a, a, a-D-( iluoodecilol (XXJII), m.p. 222", [a]? +1.2" (HjO); 
dccauretatc, m.p. 14!) 50°, [a]» +10’ (CllCla). This product was synthe- 
sized by Philippe* 1 in liiH extension of the cyanohydrin synthesis. Inasmuch 
as the configuration of the nonose preceding the deense is not completely 
known, the configurations of carbon atoms 2 and 3 of the decitol are not 
established. 

7> U. M. lTann, W. D Maclay, A. E. Knauf and (J. 8. Hudson, J. Am. Chtm Hoc., 
61, 128K (]»3g) 

77 W. L) Maclay, 11 M. llano and f 8. Hudson, J Am. Chun. H or., 00, 1035 (JU38). 
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2. Proofs of Structure and Configuration 
In the main, the proof of structure and of configuration of the stcroo- 
isomeric polyols has been dependent on the proof of structure and of con- 
figuration of the parent sugar, determined os descrilicd in Chapter 11. 
There have been occasions, however, when the configuration of the parent 
sugar and of the polyol derivable therefrom were simultaneously estab- 
lished by conversion of the sugar to the polyol. This has been true w hen the 
configuration of the carbohydrate has been known in part and the polyol 
resulting from the redurtion of the carbohydrate won louud to lie optically 
inactive ( meso structure). This type of proof has been of particular useful- 
ness in the determination of the structures of the aldoses obtained by way 
of the ryanohydrin synthesis. Inasmuch tu> this synthesis invariably pro- 
duces derivatives cpimeric at curhon 2, the configuration of the 2-epimer 
likewise becomes known. 

10. Fischei 3 * used thin type of proof in the establishment of the structures 
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»« E. Fischer, A nn , 870, 8t (1K02) Iu (his caw, the pronf was actually based <m the 
corresponding saccharic acids. 
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of the heptoses and heptitols derived from D-glucose. Thus, D-g’ucose on 
application of the cyanohydrin synthesis yielded two heptoses, a-glucohep- 
tose and 0-glucoheptoso. The glykil ol (a-glucoheptitol) obtained by the 
reduction of a-glurnhcptose was found to be optically inactive and hence 
must have a mem configuration. Of the two possible formulas (XXIV and 
XXV) only XXIV bis a mem configuration, and it must represent a-gluco- 
heptitol. Its systematic name is gluco-|/Mlo-heptitol. The alcohol produced 
from the second product of the cyanohydrin synthesis can differ only in the 
configuration at carl ion 2, and must be D-gluco-D-tdo-heptilol (XXV). 
Hence, the configurations of the two heptitols and the two heptoses are 
established by this process. 

Although the aleohols are superior to the saccharic acids as derivatives 
of aldoses for this type of structural proof because of their ease of crystal- 
lisation, they have one marked deficiency, the low optical rotations. Hence 
it is possible to assign erroneously a mem configuration to a substance that 
iB actually optically active. 79 Thin., pi-sedohcptitol (n-miurau-D-gatfl-hcpti- 
tol, XIV) obtained by the reduction of natural sedoheptulose (o-altro- 
hcptulose) w as believed 1 o bp optically inactive; hence, incorrect configura- 
tions were assigned to it and 1o the 2-cpimer «-sedoheplitol, the natural 
n-volemitol (XV). Mora recently it has been shown that (XIV) possesses 
a slight optical activity in wuter and a somewhat greater activity in 
borax. 72 

borax enhances the rotution oi polyols (see Chapter 1\ ), but even the 
use of Imrux may not be a sufficiently dependable indication, c.g., for D- 
gala-ii-fliilii-octitol (XXI). 77 The observed rotation of this polyol in water 
using sodium light was 0.0 and in borax it was only -0..V*. 

Hudson has suggested conversion of polyols to the fully ncelylated de- 
rivatives which in every known instance have pronounced rotations in 
chloroform when the configurations are not mcm. 

The use of ammonium molybdate solutions instead ol borax may also be 
of value for the purpose 7: ' 10 Some values reported by Fr* , rejaeiiur*® for 
mannitol are given in Table I. 

The rotations in Table I are reported for [rc],nr, those for [n |d .should lie in 
thp neighborhood of 80 or 8r>% of these vulues and hence well above 100°. 
Such rotations are very high for a polyol. It should also he noted that the 
rotation is practically constant for ratios beta eon 2.84 and I2.8!i. Inasmuch 
us sorbitol and D-arabitol are reported to have rotations of la]uti +130° 
and H81 6 , respectively, it would lie expected that the other optically 
active polyols would have rotations of the Hamc order of magnitude. 

Another method for the establishment of the configuration of a polyol 

" F. B. LaForgc, J. Biol. Chun., 42, 367, 376 (1920). 

»M. Frtojacqur, Com pi. rend., « 00 , 1410 (1936); 208 , 1123 (1030). 
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obtained synthetically is especially valuable when both of the 2-epimere 
are optically active. It consists of the synthesis of the same polyol from 
two different aldoses. Thus, from the fart that D-monnooc and L-galartose 
by the cyanohydrin synthesis yield four hoptoses, which on reduction give 
only Hirer different heptitols, one of which (n-perseitol) is produced from 
both o-mannosc and L-galactoso, the configuration of the four heptoses and 
three heptitols could be dcduoed. (For a discussion of thpse methods and 
detailed references, see Hudson.") 

“a-Glucoheptulitol,” obtained by Bertrand and Nitsberg 74 by the so- 
dium amalgam reduction of L-glucoheptulose, which had been made by the 
bacterial oxidation of gluro-pulo-heptitol (a-ghiroheptitnl) appears to be a 
mixture of the optically inactive ot-glucoheptitol and on optically active 
compound.* 1 Its enantinmorph is also known.* 1 


Table I 

Rotation* of o-Mannitol in Ammonium Molybdate Solution* 


(1) 

Mannitol 

[nnUinolei) 

A. 

(mtUmides) 

B * Uo m 


0.747 

9.6 

12.86 

+168 8 

0.861 

4.8 

6.67 

+169.1 

1.680 

4.8 

2.84 

+168.8 

2.208 

4.8 

2.10 

+167.8 

2.479 

4.8 

1.94 

+164.4 

2.716 

4.8 

1.76 

+148.8 


* Weighed amounts of o-mannitol wen* added to a solution of 5 ml. of JVHiSOa 
and 5 or 10 ml. of 0 .1 N ammonium paramolybdato and diluted to 50 ml. 

The fuel that the melting point of the “n-glucoheptulitol” (L41°) is 
twelve degrees higher than that for a-glucoheptitol indicates that a sig- 
nificant portion of the material consists of a second product. Tliis substance 
or impurity is not the epimcric L-gluco-n-w/o-heptitol (L-0-glucoheptitol), 
for a satisfactory separation of the epimers can be accomplished when !■- 
glucoheptulo.se is reduced catalylically. S2 That the amalgam reduction has 
taken an unusual turn is indicated by the fact that when the product is 
treated with boiling O.i N sulfuric acid or 10% barium hydroxide no 
change results. If, however, 10% sulfuric acid is used, the rotation changes 
sign, and a-glucoheptitol can be isolated. The possibility that “a-gluco- 
heptulitol” may be an anhydride is unlikely because the elementary analy- 
sis requires the unusual composition of four moles of anhydride to three of 

■i p, jj m HumoUer, S. J. Kuman and F, H. Snyder, /. Am» Chem* Soo * , ffl, 8370 
(1030). 

11 Y. Khouvine, Compt . rend., W , 083 (1937) . 
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water, and localise reirystallizatioi) from a variety of anhydrous solvents 
and heating at 100°C. under high vacuum failed to dislodge possible water 
of hydration. Evidently, further investigation is necessary. 

The configurations of the known octilols have l>ocn established by means 
of the methods mentioned above. 

For the nonitol and the decitol (XXII and XXII I) only the configura- 
tion of the hydroxyls corresponding to those of the preceding octi>he an* 
known with certainty. However, an interesting regularity in the cyano- 
hydrin synthesis 76 * 83 permits the tentative assignment of configuration to 
the new hydroxyls resulting from application of this reaction to D-gluco-L- 
grr/fa-octose. The generalization, which applies in the mannose, glucose, 
galactose and gulose series to the products obtained by the cyanohydrin 
S3 r nthcsis, states that “the isomer which is more readily accessible is the 
one that carries its hydroxyls on carbon atoms 2 anil 1 in Iran* relation- 
ship.^ 6 

The generalization may be applied to the tentative assignment of con- 
figurations to gluronnnitol (XXII) and glucodecitol (XXITI). On the 
basis of this generalization, it may be predicted that a nonitol with the 
configuration (C) could be produced from D-maiinosc b> successive sippli- 


rations of the cyanohydrin .synthesis. 
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(A) represents the configuration of the principal product derived from u- 
mannose and (11) that of the minor product from A. (0), a major product 
from (B), should be identical with the known nonitol from D-ghico.se; if 
the nonitol were prepared in this manner from mannose and found to be 
identical with that from D-glucusc, its configuration w r ould be definitely 
fixed. The configuration of the glucodecitol could be determined in a simi- 
lar manner with L-gulactose as the starting product. Furthermore, the 
validity of the generalization could be checked at each stop, for each of the 
intermediates or its cnantiomorphous form is already know r n. 

3. Synthesis 

The classical method for the synthesis of polyols is based on the reduc- 
tion of the corresponding aldoses or ketoses. Aldoses give one product and 

N C. S, Hudson, Advances m Carbohydrate Chem. t 1, 26 20 (1945). 
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ketoses two products, epimcric at carbon 2. Sodium amalgam and electro- 
lytic reductions and catalytic hydrogenations have l>cen employed, direct 
hydrogenation and electrolytic reduction being the commercially preferred 
methods (see under Sorbitol). 

The cyanohydrin synthesis (p. llfi) frequently is used as an intermediate 
step in the preparation of the higher-carlion polyols. The lactones and 
esters of the aldonic acids or other derivatives may lx? reduced directly to 
the corresponding glykitoK The reaction of diazomethane wilh aldonyl 
chlorides (p. 118) may be UHed for the same purpose particularly in in- 
stances when the desired product is a minor product of the cyanohydrin 
synthesis. These and oilier methods of increasing the length of the carbon 
chain are discussed in Chapter 111. 

Aminnglykitols, derived from nitroglykitols and from glycosylamincs 
(Chapter IX ), may bo converted to polyols by treatment with nitrous acid, 
but anhydro rings may be formed (Chapter VIII). 

The methods of total synthesis used in the preparation of pentitols and 
hexitolh 2 " 21 40 67 are ol interest because of the departure from the methods 
of classical carbohydrate chemistry. Illustrations ore given above under 
the peutitols and hcxitols. The principal features of these 1 syntheses are: 

(1) The use of either flic mono- nr di-Grignard aeetylide. If the mono- 
(irignard derivative of aeehlene is reuctod with an aldehyde, the resulting 
compound has a terminal ethynyl group. When the di-Grignard ncelylide 
is used, a symmetrical! j r substituted acetylene is obtained. 

(2) The use of HuurgunlV catalyst. This catalyst is colloidal palladium 
on starch, the starch being used as a protective colloid. 84 The reduction is 
carried out at room tm]x>raturc. A sharp decrease in the rate of hydrogen 
consumption is noted when the acetylenic derivative has been converted 
to the cthylenic derivative. It is claimed that only the ri* form of the 
ethylene derivative is nhlaincd. 

(3) The use of silver chlorate-osinic acid as the oxidizing agent. The 
osmic acid is present in catalytic amounts and probably aids as the oxygen 
carrier because at the completion of the reaction, when the chloral e is con- 
sumed, the osmic acid is reduced. The oxidation of the ethylenic double 
bond to the diol is carried out at room temperature for several days. A 
considerable portion of the ethylenic derivative must be oxidized in a 
different manner, for the yields of recovered polyol are low. 

The scope of the synthesis could be extended by using ofite/iz/do-sugars, 
probably as the acetates, for condensation with the acetylenic Grignard 
reagent. However, the configurations of the new polyols at the point of the 
original unsaturation w f ould not be known without further investigation. 

Biochemical syntheses of possible commercial value appear to be limited 


M M. Ifourguel, Bull . soc. chtm., [4] j5, 1067 (1029). 
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to the production of D-mannitol and galactitol. High conversions of glucose 
and sucrose to mannitol are given by Borne species of AspergiUut. a It is 
believed that a microbiological Cannizzaro type reaotion is involved, for 
gluconic acid is produced simultaneously. Certain bacilli are reported to 
give practically quantitative reductions of fructose to mannitol. 4 Galactitol 
can be extract ed from the yeast, Torula utilis, grown on wood hydroly- 
sates. 11 

4. Reactions 

As the anhydrides, acetals and ketals of polyols are treated elsewhere in 
this text they will be omitted in the present discuHtsion. 

A. Esterification. The esterification methods used for the sugars (Chap- 
ter TV) are applicable to the polyols. The preparation and properties of 
organic and inorganic eslers of polyols and their anhydrides are also con- 
sidered in Chapter VIII. Fully estorified derivatives on 1 generally unob- 
tainable by direct esterification with organic acids because internal an- 
hydrides are formed. Partial esters, especially di-esters, may be obtained 
by the use of amounts of lienzoyl or p-tolucncsulfonyl chlorides insufficient 
for complete esterification. 

A number of inorgunir esters are known. The nilratcs are explosive and 
also may be used as vasodilators just as glycerol trinitrate is used. 

Diehlorohvdrins, as a rule, are readily obtained by direct miction al- 
though some :irc easily converted to nnhydro polyols. Higher halohydrins 
can only lie obtained by indirect means. Thus, crythritol tetraacetate was 
converted to a tetrabromohydriu, m.p. 11K' 1 , by bydrobromic acid in 
glacial acetic acid at 150°C., whereas inaunitol lieviaeetafe could not be 
carried beyond the pentabromo stage at 130-1 40 ".*• Mannitol was con- 
verted indirectly to a hexachlorohydriu by treatment of isomannide di- 
chlorohydrin with fuming hydrochloric acid (see Chapter VIII ). 

Thionyl chloride, as well as other inorganic acid chlorides, reacts with 
polyols to form mixed esters (see under sulfate esters, Chapter IV). In the 
presence of pyridine, partial chlornhydrin formation may occur." 7 

Selenium oxychloride forms a selenite ester upon reaction with manni- 
tol. 11 Phosphorus pcntuchloride yields unRaturatod clilorohydrins of 
mannitol and galactitol which have the composition CtHbCh."" 

Extremely interesting are the so-called complexes of the glykitols with 
various inorganic polybosic acids, their saltR or anhydrides in aqueou 

"German Patent 700,019 (1040). 

M W, II. Perkin, Jr , and J. L. Simonson, J. Chem. Hoe., 87. 85S (1005). 

n Z. Kitasato and C. Sonc, Ber., 84, 1142 (1931); R. Majima and II. Simanald, 
Proc. Imp. Acad. (Tokyo), t, 544 (1026). 

11 C. Chabrid and A. Bourhonnet, Comp/, rend., 180, 376 (1003). 

•* J. C. Bell, Ber., 18, 1271 (1870). 
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solutions. “Complexes” with boric, molybdic, tungstic and other acids as 
well as the oxides of antimony and arsenic have been reported. It is be- 
lieved that these complexes are true esters with one or more moles of polyol, 
a chelate type of structure being involved at some point. For the hexliolB a 
compound with boric acid such as the following is postulated.* 0 
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These compounds usually are known only in solution although some salts 
appear to have been obtained by precipitation of concentrated solutions 
with alcohol" (sec also Chapter IV). 

Some of the effects produced by adding such acids or Halts to solutions of 
polyhvdroxyl compounds are increased conductivity and acidity of the 
solution, exaltation of the rotation of optically active substances and 
marked changes of volume. For an example, see Table T, above. 

Hoeseken and his students have studied extensively the conductivity of 
solutions containing polyhydroxyl compounds and boric acid and have 
been able to apply iho information thus obtained to the interpretation of 
the configuration of n number of compounds (see also Chapter II). The 
liehavior of polyhydroxyl compounds is explained oil the basis of a ten- 
dency for the repulsion of adjacent hydroxyl groups ,J For open-ehnin a- 
glycols, the mutuul repulsion of the hydrox\ 1 groups with free rotation of 
the carhon atoms does not permit complex formation, uiul, hence, very 
little change in conductivity is noted. When the hydroxyls are in a ring 
compound, free Totntion is not possible and cm a-hydroxyls have a greater 
tendency than trails to form complexes. The increase in conductivity ob- 
tained for aeylir polyols, from diols to hexitols, is explained on the basis of 
decreased symmetry with respect to the hydroxyls and, therefore, a de- 
crease in their repulsive action ; consecpiently, there will be a greater oppor- 
tunity for complex formation and, as a result, greater conductivity. Al- 
though the above generalizations can be used as a guide, too much reliance 
must not be placed on them, for many complex factors are involved and the 

•• H. Diehl, Che m. Rtvt., 31, 52 (1937). 
n A. Grlln awl H. Nottso witch, A fanatih., 37, 409 (1918). 
n J. Bfteeeken and J. M. Furn6e, Wee. (roe. chim , SO, 97 (1940); J. Bdeeeken, Bull 
toe. rhim., |4] S3, 1332 (1933) 
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results obtained by other workers are not completely in acerml with the 
earlier work. 94 

The effect of mannitol on the uridity of boric acid is sufficiently great 
that the latter behaves like a strong monobasic arid and can be titrated 
directly; this observation is the basis of common methods for the deter- 
mination of boric acid. 

Two crystalline monoborate enters of mannitol and one dimeluhonile 
ester arc described. All have l>ec]i obtained by reaction under praetically 
anhydrous conditions. They arc* iis follows: 

Monoborate, m.p. 88.5 811.5°; [a\u~" +15.1° (pyridine)." 1 % This prod- 
uct was obtained by reaction of the components in ethanol solution. 

Monoborate, m.p. 79 H0 r ; [aju 20 +5.73 r (pyridine). 94 This substance 
was olitained by heating a concentrated aqueous soluliou ot I lie react ants 
at 120T. until approximately two moles of water of reaction were driven 
off and crystallizing the resulting melt from waler. 

The first substance appears to be a mannitol 1 -monoborate, whereas the 
second is a mannitol 2-monoborate.'' 5 

Mannitol dimetuboratc, 9 ® according to its analysis, appears to be an 
addition rompound of two moles of metabolic acid and one mole ot manni- 
tol. However, on benzoylation only mannitol 1 di-dibenzoale is obtained; 
hence, it is indicated that an ester-type linkage exist- between the borate 
fragment and the mannitol. This borute was obtained by reaction ol the 
components in anhydrous acetone. (Other products ure described under 
borate esters in Chapter IV.) U has not vet been determined whether 
esterification occurs when mannitol and boric acid art* dissolved together 
in water. 

B. Oxidation.' 17 With nitric acid, the polyols may be oxidized to the 
corresponding dibasic acids This procedure provides a qualitative identi- 
fication of galaetitol by converting it to insoluble mucic acid, but galactose 
and galacturonic arid give the same product. 

With other oxidizing ugents, it is possible to obtain reducing sugar.-. 
Bromine 1 water produces a mixture of the corresponding aldoses and 2- 
ketoses. Before the bacterial process was perfect ed, oxidation of sorbitol by 
bromine to sorbose was widely used in the laboratory. 

Hydrogen peroxide in the presence of ferrous ions likewise forms reducing 

M F. lx. Bell, C. J. Carr, W. E. Evans and J C. Krantz, Jr., J. /%». C% m , Ja?, 
507 (1038). 

94 J. J. Fox and A. J. II. Gauge, J. (Jhem. Soc., 99, 1075 (1011). 

M W. H. Holst, Taper presented before the Division of Sugar Chemistry and 
Technology, Am. Chcm. Sop., April (1930) 

48 F. Hrigl and JI. Ciruncr, Ann., 485, 70, 72 (1932). 

11 See Chapter VTI for additional details. 
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sugars from polyols. 08 Erythritol, mannitol, galactitol und sorbitol were 
oxidized in this manner, and either the froc sugars or the os&zones were 
isolated. 

Platinum, apparently acting as a currier for oxygen, oxidizes polyhydric 
alcohols to reducing sugars und sugar acids. 00 In the presence of a hydrogen 
acceptor such as quinone, siuilighl causes the dehydrogenation of polyols to 
the corresponding aldoses. 110 Potassium ferriryunidc in a modified 1 1 age- 
dom-Jensen procedure is capable of oxidizing polyols. However, the nature 
of the oxidation products was not ascertained. 101 

A number of polyols Mas oxidized elect roly tically at platinum electrodes 
in the absence of an clectrolylc. 1,,J Aldoses and ketoses were formed and 
isolated as osazones or hvdnizones. Acids also were formed, and, with 
erythritol, u keto acid was produced. When the oxidution was carried out 
in the presence of sodium bromide using carbon electrodes, ketoses were 
obtained free of degradation products. 10,1 

Sodium chlorite appears to attack polyols rather slowly in comparison 
to aldoses, at least in the case of mannitol. 104 

Oxidation of polyols by microorganism* is usually (he best method for 
their eon version to ketoses. The yields are high, and the process is the 
preferred commercial one for the conversion of sorbitol to L-sorbose, on 
intermediate in the production of vitamin C. Additional information is 
given elsewhere in this text (Chapter HI. synthesis of ketoses). 

C. Reduction. Reduction in the glykitol series results in conversion 
to ilesoxy derivatives or hydrocarbons, for the only groups present are 
alcoholic hydroxyls. The reduction of glykitnls to secondary alkyl iodides 
by treatment with hydriodic acid according to the method of Erlonmeyor 
and Wanklyn 105 is mainly of historical interest. Until the Leliel and Van’t 
Hoff theory of the asymmetric carbon atom was proposed, tin* difference 
1 xj tween mannitol and dulcitol and between the alkyl iodides derived 
therefrom was unclear and the subject of much controversy. To explain 
the slight differences in the hexitols and in the reduction products, it was 
suggested that galactitol had a branched carbon skeleton, a concept that 
became unnecessary when the theory of the asymmetric carbon atom was 
accepted. 

« II. J. II. Ken tun anil II Jackson, ./. (them Sue , 75. 1 (lhtMl). 

w J. W. E. dial t Mil und N. deration. J. Am. Chew. Site., 00, 2013 (103KI; K von 
(iorup-Hoflanez, Ann., 118, 257 (1861). 

1€0 (J. Ciamician und P. Sillier, Ath n cad. Linen, [5] 10, 1, !)2 (1001 J. 

101 W. R. Todd, J. Vr eel and, J. Myers and E. S. West, J. Bid. Chem ., 137, 260 
(1939). 

,W C. Ncuberg, Biochem. Z., 17, 270 (1909). 

IM J. E. Hunter, Tima Mate Cdl. J. Set., 16, 78 (HMOj 

104 A. Je&ncH and 11 . S. Ibhell, J . Htwareh Nall. Bur. Standards, 27, 125 (1941 ). 

,M E. Erlenmpyer and J. A. Wanklyn, Ann., 185, 129 (1865). 
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Degradative reduction of polyols 1ms not boon investigated for very 
many substances. Sorbitol and glucose, which gives sorbitol under reducmg 
conditions, have been converted to low er polyhydnY alcohols by subjection 
to high temperatures and pressures and the action of oxides of copper and 
aluminum . 100 Propylene glycol, glycerol and polyols of higher molecular 
weights were obtained. It would be expelled that all the higher polyols are 
capable of this type of degradative reduction. 

D. Etherification. Kllierilicntion procedures for glykitols are the same as 
those for the other carbohydrates (Chapter VI 11). Sometimes, however, the 
attainment of fully etherificd products uuiy lie difficult. Mannitol, for ex- 
ample could not l)e converted to the liexunicthyl ether despite repeated 
treatment with methyl iodide and silver oxide 1 " 7 or with methyl sulfate and 
alkali. 108 

E. Qualitative and Quantitative Determination. Because ot the closely 
similar chemical behavior of the polyols, the analysis of polyols difficult. 
However, then* are a few specific reactions that serve lo identify or quanti- 
tatively to determine some of the polyols. Among the specific reactions is 
the oxidation of dulcitol to insoluble mucic acid. Sorbitol forms a relatively 
insoluble pyridine complex;" as fur as known, only 2-desuxysorbitol (2- 
dcsoxynmnnilol) forms an analogous molenilai complex. 1 M The complex 
formed from 2-desoxysorbitol and pyridine appears to 1 e more soluble in 
pyridine than that from sorbitol, but both are leadily dwomposed by small 
amounts of water. 

If the nature of the polyol is known, and there are no interfering sub- 
stances, quantitative determinations are sometimes possible. Thus, manni- 
tol ean bo determined polariinotrirallv by means of its borax eomplex even 
in the presence of sorbitol.”" An empirical oxidation with potassium 
ferrievanide (modified Hagrilorn-Jensen method) has been devised for the 
determination of sorbitol, mannitol, goJactilol, crytliritol and other poly- 
hydrie substances. 101 The number of hydroxyls per mole can be determined 
by various mylation procedure* or by periodate or lead telraaeotate oxida- 
tion (see Chapter VII). 

Adulteration of grape wine by the addition ot other fruit wines may be 
detected because 1 of the presence ot sorbilol in the latter Litterscheid’s o- 
rhlorobenssaldpliyde method appears to he the best of the various tests pro- 
posed. However, mannitol may interfere il present in excessive amounts. 111 

<\ W. Lentil and K N. DuPuib, bid Kny. Chem ., 37 , 152 (1M5). 

m J. C 1 . Irvine aurl If M. Pulcram, J . Vhim . Soc., 105, 915 (1014). 

"■W. N. Haworth, J. Chem. tioc., 107 , 10 (1915). 

101 M. L. Wolfroni,M. Konigsberg, F 13. Moody and If. M. Guepp, Jr., J. Am. Chem. 
Sue., 68, 122 (1915). 

1I# R. H. Rose, Jr and It. M. Gocpp, Jr , Abstracts of the Div. of Sugar Chemistry 
and Technology, The American Chemical Society, April (11189). 

111 J Jeanprfltrc, Mill Lebrntm Hyg., 88, K7 (1937). 
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F. Biochemistry .* None of the polyols Appears to have soy specific funder 
mental physiological significance except ribitol taionitol) which is a com* 
ponent of vitamin B*, riboflavin (see Chnpler IX). If fori in sufficir iUy 
large amounts to rats, polyols have some narcotic effect,. 11 * The amount 
required increases in general with the numl>er of hydroxyls, ranging from 
80 mg. of ethanol, per 100 g. of body weight, to over 880 mg. of pcrseitol 
and volemitol. The minimal dosage of dulritol is 120 mg. and of mannitol 
is 320 mg. 

Of the polyols studied, only Horbitol and D-mannitol appear capable of 
being partially or completely utilized by the human body, but they are not 
the equivalent of n-glucose. Although sorbitol can be a precursor of blood 
carBohydratc under ccrtuin renditions, apparently it is preferentially 
stored in the liver us glycogen, and the blood sugar level is not noticeably 
increased. For this reason, sorbitol may have value as n sweetening agent 
in the diabetic diet. 

.VI though the polyols are not considered to be toxic, large (lost's taken 
orally may cause severe diarrhea. Solutions of glykitols uro capable of 
causing hemolysis of red blood cells; this appears to be an osmotic effect, 
and the time required for a given degree of hemolysis increases with the 
molecular weight of the polyol , 1U 

As a class, the polyols appear to be capable of behaving us nutritive 
substrates lor a large variety of microorganisms, but uo single organism 
appears capable ot utilizing every polyol. n-Monnitol seems to be more 
generally utilizuble than sorbitol, whereas for the related sugars n-glucose 
is attacked more readily than D-manurw. 

In the higher plants mid pirticularly the lruils the polyols appeal’ to 
function as reserve carbohydrate, the amo ml present being seasonal and 
becoming less as the sugars increase during the ripening process. 

fn taste the polyols range from faintly s>vcet to extremely sweet, the 
threshold value for erylluritol being considerably les-. than for sucrose. 114 

5. Desoxy Polyols 

A class of acyclic polyols not yet ment ione 1 is that iu which the number 
of carbon atoms is greater than the number of hydroxyl groups. These 
compounds may be subdivided on the basis of the numlier of curhon atoms 
or of the numlier of hydroxyls. The generally preferred classification is the 
former in which case the prefix desoxy i s coupled wilh a descriptive name 
indicating the configuration of the related fully hydroxylated polyol, e.g., 
1 -desoxy-n-galactitol 

lu D. I. Machl and G C. Ting, Am. J Phyaiol., 00, 196 (1022J 

u» A. M. Kunkel, ( J Carr and J. (\ Krantz, Jr., Pi or. Soc. Exptl. Uiol. Med., 46, 
438(1939). 

u4 q_ j _ (’afr, p Francos and J. C. Kranti, Jr., J • An. Chain. Soc., 68 , 1894 (1986) 
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All terminal monodesoxy polyols ran be given more than one descriptive 
name because either of the penultimate asymmetric carbon atoms can be 
used us the basis of the d.l classification. The above compound can also be 
called O-desoxy-L-galactitol. It is proposed (and will bo followed in this 
section) that all terminal monodesoxy compounds be named with the 
dcsoxy carbon in the I -position. Tliis procedure reverses the manner in 
which the earlier dcsoxv polyols, derived from tcrminnl-desoxy licxoscs, 
have been written. However, in view of the development of synthetic 
procedures for 1 ho conversion of aldehydic carbon atoms to the desoxy 
state, Ihe convention is based on a more generally \ alid genetic relationship 
than the older one based oil the nutiirullv occurring terminal desoxy 
sugars. 

For the 2-desoxypolyols, which can bo considered relabel to more than 
one polyol (2-desoxy-sorbitol or -mannitol, for example), the nomenclature 
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of flow don and of Wolfrom, Thompson and Evunn ,u may 1x> used. Accord- 
ing to thiB system 2-dcsoxysorhitol may bo called 2-desoxy-D-arobo-hexitol. 

With the exception of the 1 ,4-didesoxy tetritolB (2, 3-l’mtylcne glycols), 
which can be obtained by a fermentation process, none of the other ,nono- 
and di-desoxy polyols have Iwen found in nature. The D-configurutions of 
the known 1- and 2-monodehoxy polyols are given in formulas XXIV to 
XXXII. 
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IXXXII) 

2 Drsnw i) nrubu bexitnl 
(2-dcsoxy i> sorliitol nr n nummtol) 

A. Synthesis and Properties of Monodesoxy PolyolB. l-Desoxy-n-galar- 
titol (L-fueitol) (XXIV), m.p. 153-4°; [«]” + 4.7° (borax); pcntanrctule, 
m.p. 127°; [«]? + 20.5° (CTIf'U). This compound has been prepared by 

* Probablo configuration 
k The n-pnantimnnrph is not known 

1U J. C. How den, J. Am. Chrm. Hoc , 80 , 1017 (10471, M. L. Wolfrom, A. Thompson 
and E. F. Evans, i6id., 1704 (1015) 
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the sodium amalgam reduction, of natural L-fucoac 110 and by the dcmcrcap- 
talation of D-galactosc diethyl mercaptal by massive amounts of Raney 
nickel. 117 

1-Dcsoxy-L-golactitol (n-fucitol, D-rhodeitol), m.p. 153.5°; [a] D - 1.45° 
(H 2 0); it was synthesized by the reduction of D-fucoee. llg 

D,L-l-Dcsoxygalactitol (d, L-furitul), in.p. 1(58°, was prepared by the 
sodium amalgam reduction of D,i,-fucose. m 

l-l)eHQxy-D-Klueitol M-desuxysorbitol, L-guloinclhylitoI) fXXV), m.p. 
131-2"; [a]Jf + 3,95 =fc 1.5° (1I 2 0), + Hi.7 n (^it. borax); iientaacctatc, 
m.p. 105- f>°; [a];, 1 +- 21° (CHiOII). This polyol wu* obtained by the reduc- 
tion of G-desoxy-L-gulonic arid 11 ® which was synthesized from 1,2-isopro- 
pylidcnc-L-xylofuranoso and also from diisopropyliden<»-wWrAyrfo-D-arabi- 
nose by use of the Grigiaml reagent . ,M 

l-IJcsoxy-D-altritol (D-cpifucitol, O-dewixy-n-talitol) (XXVI) was syn 
thesized by the reduction of (5-desoxy-D-1ahi.se. 121 11 melts at 10-4", lcrki + 
2 P (1I 2 0); dibenzylidene derivative, m.p. 131°, [a] D - 10.9° (CHCh). How- 
ever, a melting point of 110—1 1 1° is reported for the polyol obtained by the 1 
reduction of epimerized n-fuconic acid. 120 

l-Desoxy-iridtritol (n-cpifueilol), m.p. 104 , 1«|d - 2.3 0 (ll a O); dibenzyl- 
idene derivative, m.p. 1B5T, [«]d + 39.7 n (('IK'lth This product was syn- 
thesized by the reduction ol ti-desnxy-L-tulonir «cid. ,2? 

l-l Vsoxy-D-mannitol in-rluimnitol) (XXVIH, m.p 123°, [uf| D — 12.4' 
(H 2 0); trihydrate, m.p. (59°; dibenzylidene dcrKaUve, m.p. 207 n , [a| D + 
(50.7° (('IK Is). Tlie polyol was synthesized by the reduction of n-rliam- 
nose 1 * 3 ' 121 ami by the reduction ol the react ion product of diisoprojiyliilene- 
flir/e/w/rfo-D-nrabinnse and methyl magnesium iodide; 120 the epimerie 1- 
deaoxy-D-glueitol was produced simultaneously 

l-Desoxy-L-maunitril (L-rhamuitolh (The constants art 1 the same as for 
tlie cmmtiomorpli except for the opposite sign of rotation.) This substnupc 
has been prepared by the sodium amalgam reduction of naturally occurring 
whamnose 12 * and by the pressure hydrogenation of L-rhamnonie lactone. 40 

l-l>soxy-D-gulitel (L-epiihamuitol, fi-dcsoxy-n-ghicilol) fXXVlll), 
simp, [a|S® + 9.13' (li 2 0); dibenzylidene dorhntivc, m.p. 193 l u , \a]f + 

111 K. Volocek and It. Potnifrul. Brr., 46 , 3053 (1013;. 

117 M. L. Wolfrom and J. V. KarahinoH, J. Am. Chrtn. tioc., 6ft, 90!) (1944). 

118 E. Votoeek and J. Bull*, Chew. Zentr 77, l, 1818 (1906). 

118 H. Mtiller and T. Rcichslniu, Heir. Chim. Acta , 21, 251 (1938) 

118 K. Gfitzi and T. Rcichstein, Ihlv. Chim. Acta, 21, 1)14 (1938). 

111 E. Votocck and F. Valentin, Collection Czcrhof<luv. Chcm. Commun., 2, 36 (1930). 
1M E. Votofiek and V. Kufierenko, Collection Czechoalav. Chem. Commun., 2, 47 
(1930). 

111 E. Votofiek, F Valentin and F. RAc, Collection Czechoelov. Chem. Commun., 2, 
402 (1930). 

114 F. Valentin, Collection Czechoelov. Chem . Commun., 2 , 689 (1930). 
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325° (CH('li); second dibrnzylidcnc derivative, m.p. 190°, |al? - 36.7" 
f(’HC'lj). This desoxy polyol wns synthesiz'd by thi> reduction of 6-ciesoYy- 
L-gluconic lactone. 1 ** 

l-Desoxy-L-gulitol (n-opirbanmitol, O-dcsoxy-D-ghieitol, 6-dosoxysorbi- 
lol) sirup, [«]? — 10.0° (11*0); dihcnzylidcnc derivative, m.p. 196°, [«]? 
+ 3li.7 n ((ilCl*). Tlii'i product was synthesized by tlip * odium amalgam 
roduction 1M and by the* pressure* hydrogenation of G-d'^oxy-D-glucosp. 1 ” 

1 -Desoxy-D-galn-L-ma/tHo-licptif ol ( li-a-rhamnohexilo) J (XXIX), m.p. 
180-3°, |«lu + 1 1°; mouotrityl ether, m.p. 103-4°, [uJd — 2.0° (methanol 
uud benzene). This product was synthesized by the reduction of the cor- 
responding lactone. 1 * 1 ' 

l-Desoxy'-D-manno-D-f/o/fi-lieptitol (L-«-fiic.>hc\itnl) (XXX), m.p. 179- 
80°, [alu + 0 3" (11*0), + 1.7° (Rat. bora\); nu rryntalline benzylidene 
derivative known. Tin* polyo 1 was syuthesiztxi by the sodium amalgam re- 
duction of the eorresp mding sugar. 111 

1- l)eso\y-L nltro-L-/mi«no-lieptil ol (L-d-rhninnohc\itol) (XXXI), sirup; 
monohenzylideue d*rivntive, m.p. 233-1°, [a|j, + 5').8“ ((’HCl*). This 
glykitol was synthesized liy t hr* reduoti in of tlie corresponding lactone. 1 ** 

2- I)esoxy-D-flr« , «i-he\itol (2-d'*s->\y-n-m‘inniti>l or -n-sorbiL.il) (XXXll), 
m.p. 103-0°, f«|® -)- 17.5° ill/)), [u]J® + 35° (lurax); p'*ntaac»lut“, m.p. 
80 7°, [a] j! + 35.3° ((’II('lj). This product lias h.*en synthesized hy the rc- 
duction of S-dcsnxy-D-gliir.M*, 1 * and the p'*ntaiie *tut« was synthesized by 
desulfurizali'in of Arto-D-f ruct u-e p'nluueelat'* diethyl mercaptal. 117 

l-I)(!So\yheptitol of unknown eonrignration, m.p. 189-90°; hexaaeetate, 
m.p. 142°. This was synthesized by the oxidation with silver chlorate and 
osmium tetroxide of vinyl propenyl glyeil obtained by ivductiou (zinc- 
eopp'*r couple) of a mixture of neroMu and erot mnldehy.le.* s 

B. Synthesis and Properties of Didesoxy Polyols. The formulas of the 
didesoxy polyols of known configuration are given in formulas XXXIII to 
XXXVI. 

1 ,4-Didesoxyerythritol (mrtso-2 , 3-butylene glycol) (XXXIII), m.p. 25°; 
pentahydratc, m.p. 16.8°. This compound has been obtained by the 
fermentation of glucose with AeroJmcler a n rogentt. ni About 10 per cent 
of the dextrorotatory I , l-dhlesoxy-L-(rf)-lhreitol is also obtained. 

1U E. Volufok and J. MiksiP, Cham. A bat., ft, 2740 (1928). 

1M E. Votofek and F. Hie, Collection Czechoslov. Chem. Common., 1, 239 (1929). 

,<T A. T. Neaa, H. M. Haun and C. 8. Hudson, J. ,1m. Chem Soc., 99, 123S (1944). 

1,1 E. Fisoher and O. Piloty, Ber.,83, 3100 (1890) ; F. Valentin, CMoetion Cztchoslov. 

Chem. Common., 9, 499 (1931 ) 

1,1 E. Vnlnfek and F. Valentin, Coll. Cerehoalw. Cltem. Commuzi., 10, 77 (1938). 

U, M. L Wolfnun, M. KonigslieiR, F. B. Moody and 11. M. Goepp. Jr , J. .4m. 
Chem. Hoe., 99, 124 (1040). 

1,1 G. IS Wanl.O (t. PoMijulm, L. B. Lock wood nnilR 1). Coghill, J Am Chem 
Hoe., 96, 641 (1014). 
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1.4- Didcsoxy-D-threitnl (/-2,3-butylene glycol) (XXXIV), m.p. 1!)°, 
l«J? — 13.0°(lla()). This diol is produced by Manlius polymyra when grown 
on grain mash. UA A very small amounl of I lie imho- isomer (XXXIIT) is 
simultaneously produced. 

1,6-Didesoxygalaetitol (XXXV), m.p. 183 4°; diisopropylidene deriva- 
tive, m.p. 02-63.5°. This polyol was obtained from ij-fucitol and from galac- 
titol by use of the tosyl-iodide exchange reaction.^ 

1.5- I)idesoxy-L-r/fco-he\itul (XXX\ 1) m.p. 88 D ; dibenzylidene deriva- 
tive, m.p. 142°. This tetrol was obtained by reduction of the nalurallv 
wcurring digitumso. 141 

In addition to the above compounds two 1 ,ti-didesoxyoctitols of unknown 
configuration are described. One melts al 161 2 mid its hexnaeolate melts 
at 108.5°, whereas the other melts at 250° and has a hexaacetate with a 
melting point of 15!)°. These products wen 1 prepared by the oxidation of 
dipropcnvl glycol. 6 ' 

In addition to the obvious reduction of related destixy sugars and acids, 
a number of synthetic procedures are useful for the synthesis of desoxy 
polyols. The most common involves tosvlation followed by conversion to 

1J1 A. T. Now, H M. Ilann and C. 8. Hudson, /. Am. Chew Soc , 64, 982 (1912). 

lM F. Michael, Ber., 68, 347 (1930). 
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the iodide and then reduction (ns under Tony] esters, (Chapter IVj. The 
compounds obtained in this manner contain the same number of carbon 
atoms as the original substunce. The oxidation of unsaturated glycols as 
employed by Wiemann 88 (see above) constitutes a total synthesis. Here, 
however, the configuration of the compounds formed in general will lx k 
unknown. The various methods of lengthening the carbon chain can be used 
with desoxy sugars as the starting products. 

The desulfurization of aldchydo and kvto mcrcupl als 117 is a general reaction 
for the production of 1- and 2-desoxy polyols and deserves special mention. 

C. Proofs of Structure and Configuration. For most of the desoxy 
polyols, the structures and configurations are very simply related to the 
pai-enl sugar. Tn (he case of the 1-desoxy-D-manno-n-flfaZa-lieplitol (XXX) 
the configuration has not been unequivocally established because the con- 
figuration of carbon 2 of the parent aldose is based on the empirical “amide 
rule.’ 1 

In the case of didesoxy-D-threitol fXXXlV) the probable configuration 
is that indicated. Morell and Auemheimei ,,M showed that didesoxy-L- 
tlireitol is rclutcd to the dextrorotatory 2-butanol w'hioh bad earlier been 
related to i.(r/)-lactic acid. However, since considerable iuc n mizution oc- 
curred in the transition from the butylene glycol to 2-butanol, some ques- 
tion regarding the validity of this proof remains. It might he possible to 
oxidize, without rumnizolion, the optically active 2-butanol-3-one (ace- 
tylmelhyl enrhinolj obtained by the fermentative oxidation of wow-butyl- 
ene glycol to lactic acid. This procedure w T ould then establish the absolute 
configuration of the 2-blit aiiol-3-one. Inasmuch us reduction of the 2- 
butanol-R-one can produce only onr optically active dirichoyvthroitol in 
addition to dide^oxy-w/rse-erythritul, the didesoxy t limit ol would be genet- 
ically related to the lactic acid obtained by oxidation. 

part H 

THK INOSITOLS AND RELATED COMPOUNDS 185 

In view of the wide distribution of cydolicxanehexols (called inositols or 
cyclitols) and the import a tut of one in particular (wcso-inositol) to rert.ain 
bacteria, plants and perhaps even to warm-blooded animals, the naluraUy 
occurring and synthetic compounds of Ibis carboeyrlie type have recerml 
considerable study. 

Naturally occurring members include four inositols, monomethyl ethers, 
monodesoxy derivatives, a methyl homolog, and desoxy carboxylic ucids. 
The synthetic members include two related ketones (cyclones), two inosi- 
tols, a methyl homolog, and two hydroxymethyl inositols. 

lM S. A. Morell and A. 11. Auernlieiiner, J. Am. Vhern. Stw., tftf, 7112 U94JJ 

IU H. (3. Flelchor, Jr., AffrmrcK in tJnrbohydraie Chem ., 8, 45 (1947). 
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The inositols, themselves, ore typically crystalline, water-soluble, high 
melting compounds having a sweet taste. As alcohols, their reactions are 
similar to those of the acyclic polyols, but they differ in their behavior to 
strong nitric acid and to Btrong hydriodic acid which produce benzenoid 
compounds. 

1. Isomerization and Representation of Configuration 

because ol the cyclic structure and hence the great opportunity for 
molecular symmetry, the number of me no forms among the ryclohexane- 
hexols is greater than of the optically active forms. This is the reverse of 
the situation existing in the acyclic hexanchcxol series. 

Of the nine possible cyclohcxanehexols, shown configurutionallv below 

o o <3 o 

ID III HI I®) 

Alloinoulol /Mfs-inpiitel 

0 O o o o 

1 IV ) ' IV) 'mi (HI ) 1 (HI 1 

Mucoinotilol t -Inautol d-lnoiitol Sc> LLitol 


only two, (VII) imd (VIII), are optical enantiomorphs. 'Hie remaining 
seven are optically inactive as n result of internal compensation and hence, 
technically, are all meso forms. However, the designation mem has been 
limited to one compound only (structure TV). 

The mew-inositol is the most widespread of the four naturally occurring 
isomers (rf- and /-inositol, and scyllilol being the others l. It i<* sometimes 
calk'd i-inositol (inactive) and more often just inositol. Here, it will be 
referred to as mew-inositol. 

t systematic nomenclature based on run figurations relating (he eyrhtols 
to the ordinary carbohydrates is not yet possible since the biochemical re- 
lationship of the cyelitols to the naturally occurring sugars has not been 
established. Accordingly, no consistent convention has been adopted for 
i-eprcscuting the cyelitols of known structure, although perspective pro- 
jection is commonly employed. It is customary to show hydroxyl groups by 
\ertiru1 lines, and to omit the hydrogen atoms. The system is somewhat 
similar to that for Haworth formulas (p. 51). A numerical system is 
sometimes used to indicate orientation above and below the ring, thus, 


1, 4,5 

2, 3, 0 


denotes one of the two optically active inositols, but there is no 


established convention for numbering the carbons. 


Since shikimic arid has lieen related uonfiguratioually to 2-desoxy- 
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gluconic and, und since 2-desoxy Hiig&rs ore encountered in nature, it is 
mncmonicully iiHeful to represent the cyclitols of known configuration mi 
that quercitol becomes a 2-desoxy compound, and the other compounds 
billow the familiar glueo- and manno-ronfigurational pattern as closily ns 




Tablf 11 



Mnemonic Arrangement for Common Ctfchtofo 

Nairn 

I Proposed Mncmumr 

1 Orientation 

| ( niihguialional Termmnlnio 

CuMumjn Oran tat ion 
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led 
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train 2,0 
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1 i) t/hnu ti tin 8-2 0 1 

<£> 

Mloinoailol 


u man no ri#-l ,2.0- 

i 

0 

iMaimoryi hlol 

o 

! 1,0 didumy u marino | 

| 

C> 

/Iff JflJ-IlIUhltol 


1 

u (jluto tian* 2,1,0 | 

£>■■0 

Scyllitol 

O 

l, irto trait* 2.1,0 

0 

DihydroHhikmiK 

o 

'bOOH 

1 2 0 didpHow it ulutti 



acid 


possible. The nliove table shows the common cyclitols arranged in this w ay 
with carbon I at the right (Table 11) 

Because carbon atom fl is not asymmetric in Iicvcmc sugars and because 
the a./y-designnlions are not particularly suitable in this series, the con- 
tigurations ot carbon atoms 1 and G are related to that at 2 by the usual 
ns, irons system. 
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It will be noted that the first six compounds have identical configura- 
tions at points 8, 4, 5 and G except rf-inositul which is inverted and that all 
the naturally occurring compounds are travs at 1 , 2 or 2, 1, G and that the 
tw o synthetic inositols, alio- and muco-, are ci$ at 1, 2. Also, mcw-inositol 
and scyllitnl, which are related through a common 5-kelone, have the D- 
gluco and h-ido designation. Finally, dihydroshikimic acid, 1 which is con- 
figurutionally related to 2-desox3 r gluconic arid, has the extra carboxyl at 
carbon 1 and the common v-yluco configuration at 3, 4 and 5. Figures 1 
and 2 depirt the genetic relationships among the eyrlitols. 

2. Occurrence and Synthesis 

rf-lnositol (0-inositol, matezodainbose), m.p. 217-248°, [a] D + U5° 
(IIjO), occurs as the monomethyl ether, pinitol, m.p. 18G°, [a] n +G5.5 0 
(11*0), in various conifers, particularly the sugar pine (Pinun lambniiana) 
and also in Madagascar rubber latex and in senna leaves. 2 Pinitol is sweet, 
very soluble in water, stable in dilute acids and alkalies, and oxidized by 
ammoniacul silver nitrate. Ilydriodic acid at the boiling point (127°) de- 
methylates the compound to r/-inositol. 

/-Inositol, the optical cnantiomorph of (/-inositol, likewise occurs as a 
monomethyl ether, quebrachitol, which is not the enantiomorph of pinitol. 
It is obtained by demcthylation of quebruchilol with Ilydriodic acid, 
(juebrachitol, m.p. 190-191°, [a\ u —80.2° (II 2 0), is found in quebracho 
bark and in Ihc latex of Hcuca bratriliehxinr 

d, /-Inositol, m.p. 253°, is found in the free state in mistletoe berries and 
in blackberries. 2 

mcw-Inositol (dambosc, phaseomannite, i-inositol), more often termed 
simply as inositol, m.p. 225- 7°, is the most common of the group, being 
found in microorganisms, plnnls and animals. In plants it is generally 
present as phytin, 8 n palcium-magm k sium salt of phytic acid, 1 the liexa- 
phosphate ester of mew-inositol. Other lower phosphates are likewise 
encountered 3 whose formation is due to the action of a phosphatase, 
phytuse. 8 mcw-Inositol occurs both free and combined in muscle 7 und in the 
heart, lungs, liver and other parts of the animal body and body fluids. It is 

1 It is noteworthy tlial only one of the two possible epiincru has been ohlaiiird by 
reduet ion of shikiniie aeid. 

* “HcilRteiiiH Handburh dcr orguniHchen Chcinie,” vol. 6, p. JUKI; J. Springer, 
Ht-rlin (1923). 

* Ibid , p. 111)4. 

M. Kobel and t\ Noubcrg, Kleia'a “Handbueh der Pflanzcnanalyae” vol. 2, p. 570, 
(1032); also, (\ Wehmer, W. Thies and M. II add ora, ibid., p. 577. 

4 8. PoHternak, Compt . read., m , 139 (1919); Hah. Chim. Acta, 4, 150 (1U2J). 

5 It. J. Anderson, /. Biol. Chem., 1 8, 441 (1914); 20, 465, 49ft (1915); 10. Klenk and 
It. Sakai, Z. physiol. Chem., 258, 33 (1939). 

b K. J. Anderson, J. Biol. Chem., 20, 480, 4K5 (1915). 

7 J. Scherer, Ann., 73 , 322 (1850). 
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present to the extent of 6.8 to 8.6% in the phosphatido of brain uephalin 
or about 0.4% of the net weight of the brain. 1 In certain bacterial phos- 
phatides it is built into a polysaccharide.' 

Com steep liquor provides a good source of phytin, precipitated os the 
calcium salt."* mem-inositol is prepared industrially from phytic acid by 
alkaline hydrolysis at elevated temperature and pressure. Complete agree- 
ment on the structure of phytic acid and its salts has not been renchod. ,tb 
mr/w-Innsitnl hoe liecn synthesized by the hydrogenation of hoxahydroxy- 
benzene." 

I'Ve monomethyl ethers nf-meso-inositol are known, borncsitol, m.p. 
109°, from Borneo rublwr, and sequoyitol, 1 ' m.p. 284 235°, in California 
redwood. A dimethyl ether, dambonitol, m.p. 195°, is found in (bibon rub- 
bcr. ,J Born pm lot is optically active, whereas the other two methyl ethers 
are inactive. 

Scyllitol (rorositol, quercin, m.p. 352°) the fourth knowu naturally oc- 
curring cyclohexanchexol, though not abundant, is widely distributed being 
found in tlic elasmolminch fishes (sharks, rays, doglish). 14 in the dogwood, u 
in the leaves of the roros palm’* and in acorns.* 7 It can be oblained synthe- 
tically from bioinosose 11 (see Fig. 2 and l>clow ). 

rf-Querritol, m.p. 235-237", [a] ? -f 25.6°, is the most common ot llu* 
desuxy inositols and occurs in all parts of the oak, particularly in the acorn, 17 
and in the leaves of FAiropeon palm, Cliaenuroj)* hiimUio . 2# 

It is curious that tf-quercitol and sc.vllitol, which arc not roidigumtion- 
Hlly related, should occur together in the aenm. d-(juercitol has been char- 
acterizodat<thepentabenzoat(‘,"m.p. 155°; [orlj? + (11. 1" 

Another optically active eyelohexanepentol, m.p. 171°, was discovered in 
the leaves of Oymmcma sylrestrc, a milk weed. It was given the name l- 

' J. Kulch and D. W. Woolley, J. Biol. Chen., US, 063 (1042). 

* J. Cason and H. J. Anderson, J. Biol. Chen., 1X0, 532 (1038). 

"* Bee: E. Bartow and W. W. Walker, Ind. Eng. Chen., SO, 300 (1038); l’. 8. Patent 
2,112,553, March 20, 1038; F. A. Hoglan and E. Bartow, Ind. Eng. Chem., St, 740 
(1030). 

1111 Bee, for example: R. J. Anderson, J. Bwl. Chen., 17, 171 (1014); 44, 420 (1020) ; 
('. Keuberg, Biorhem. J., 9, 557 (1008); S. Pasternak, Compt. rend., 1B9, 37 (1010). 

“ H. Wicland and B. H. Wishart, Ber., 47, 2082 (1014). 

u K. C. Bherrard and E. F. Kurth, J. Am. Chem. Hoc., SI, 3130 (1020). 

II A. Girard, Compt. rend,, 07, 820 (1868). 

14 G. Stacdeler and Y. J. Freridis, J. prakt. Chem., [1|, 73, 48 (1858). 

14 R. M. Haim and C. E. Hondo, J. Biol. Chem., 08, 300, (1026). 

>• H. Mdllcr, J. Chem. So c., 91, 1768 (1907); 101, 2383 (1012). 

17 C. Vincent and Delachanal, Compt. rend., 104 , 1865 (1885). 

11 T. Posternak, Hein. Chim. Aria, XS, 746 (1942). 

III L. Fruitier, Anti. rhim. plii/h , (S ] IS, 1 (1878) 

" II. Muller, J Chem. Soe., Ill, 1766 (1*107). 

" K. H. Bauer and H. Moll, Arch. Pharm., 680, 37 (1042) 
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quercit-ol, 81 which choice is unfortunate because the compound is not the 
optical pnnntimorph ([a]„ —71") of d-quercitol (mm* aliove) and ls-ctuise it 
has no botanical connection with the oak. 'Hie configuration i* unknown 
The pent uacel ate melts at 124 125°; [oJ n —2(1". 

An inactive cyclohcxonepentol, m.p. 233-235°, was synthesized from 
bioinosose tlirough catalytic hydrogenation in the presence of mineral 
acid.' 1 11 h structure follows naturally upon elucidation of the structures ut 
mom-inositol and bioinosose (scyllo-mp«o-inosose) (see Fig. 2 for Hip con- 
figurational relationship) 

Cyclohexanetetrols are represented by the dextrorotatory betitol, m.p. 
221°, isolati*d in very small amounts from beet sugar process liquors, 84 the 
synthetic product, di liydrocondurit ol m.p. 20-T , obtained by hydrogena- 
tion lit condurilol* round in eondurango bark, and also the epimeric 1 ,3- 
didcso\vinositols iS (derived from quiuie acid l>y wuy of the corresponding 
t rihydroyv cyclohexanone) which melt at 208° and 151° and show [at],, 

8 3° and -til 0 , respectively. 

Mytilitol, fC-nielhylscyllitol) taco Figure 2), n m.p. 2tit» 2ti8 ,isioimdin 
(lie muscle of Mffhhix niilit, a mussel 11 The epimeric isomj 1 ilitol obtained 
synthetically through bioinosoM* is therefore a C-niethyl-mtuo-inositol. 
In both niylilitols the tertiary fivdroxyls resisl acetylation and both pcnln- 
aiul hcxu-ucctutcs can Ik* prepared. 

Post croak has also succeeded in synthesizing hydrowin vtibtul, in.p. 
2 17 \ and hydroxvisoniyt ilitol, m.p. 223°, 87 from bioinosose by means of the 
Aruilt-Kistert svnlhesis These are the first known heptuhydrio liomologs 
ol an inositol 

Tw o optically inactive syntheUr inositols whose configurations have been 
elucidated-*' are nlloinositol. in.p. 270-275°, and mueoinositol, m.p. 285 
2!K)° (decomp. J. These wen* obtained by the permanganate oxidution ol 
eonduntol derh ntives. It is pointed out that mueoinositol may be identical 
with Postemals's epiinositol. ,# This is unlikely, howeier, from the more re- 
cent knowledge of the structure of mrso-inositol. 

Kpiinositol, m.p. 285 " (hexaacctate, m.p. 188°), 18 results from Hie reduc- 
tion of inosose (epi-ww-inosose). 18 

« V H. Powei nail K Tutin, J. Chrm. Soe., 88, 621 (1004) 

11 T Poetcraak, Hth. Chm. Acta, 84, 1056 (1041) 

11 E. O. v Lippmonn, Ber., 84 , 1161 (1001). 

u H. O. L Fisrhcr and G. Dangschat, Naturwxstenschafien, 87, 750 (1090). 

11 K. Kublcr, Arch. Pharm., 848, 620 (1008). 

88 T. Posternak, Hth. Chin. Acta, 87, 457 (1041). 

11 1). Ackermann, Ber., 84, 1038 (1021); 11. 1. Daniel and W. Doran, Biorkcm J , 
tO, 076 (1026). 

11 P. Arndt, H. Eistert and W. Ender, Ber., 08 , 44 (1020) 

J * T. Posternak, Hein. Chim. Acta, 18, 1333 (1036). 



270 


CHEMISTRY OF THE CARBOHYDRATES 


Isoinositol, m.p. 216 250° (d.), (hexaaeetate, m.p. 112°) is formed from 
mew-inositol and scyllitol hexoacetatcs by the action of hydrogen chloride 
or hydrogen bromide in acetic acid. 81 This interesting isomerization has 
not been repeated and could bear verification. 

Assuming that isoinositol is homogeneous and not racemir it in evident from the 
configuration of seyllitol (p. 264, structure IX) that Walden inversion of any one 
carbon will give meao inositol. However, nn mention is made of the isolation of meso- 
inositol from the seyJlitol inversion produet. Should I Lie configuration of any Luo 
adjacent carbons in seyllitol be inveited, a racemic mixture of d- and /-inositol would 
be formed. For this reason, it is interesting to compare (be properties of Muller's 
isoinositol with tlie known d,I-inoHitol. 

np of 

m p cibbtal hnhit hetaantute 

ilj inositol 258 u inniiuclinii 1 111° 

isoimiHiLol 216 250‘ (d.) “ 112° 

In the ciiho of meso-inuHitol, inversion of only one carbon atom (the external ones 
of the three adjacent m liyrlrux} Is) would be required in order to nbtnin r/, /-inositol. 

A ^-inositol described by Mfiller is nnl well characterized. 

Two inososos (pentahydroxycyolohexunoiics), both synllietic and both 
nplically in, arrive, are known. They are obtained from mew-in osi I ol. Oxida- 
tion with a particular h! rain of Acriobnclvr nvboxuthni** ai gi\es scyllo- 
/wrjwHmwwo, also termed bioinososo. The other, cpi-/mw/-inosose 7 is ob- 
tained in much smaller yield by careful nitric arid oxidation.™ 

Both inososesmell at 200° and both reduce Folding solulion and um- 
uumiucal silver solution instantly in the cold. ScyIIo-/m w-inososo yields a 
pair of crystalline pentaarctutrs, m.p. 1*17° and 21 1 u , and a pair of crystal- 
line pentabcnzoatcs, m.p. 1SK° and 28fi u . These are probably dimorphic 
pairs. Kpi^WM-inosose, on the other hand, forms only one pontaacetate, 
in.p. 106 108°, and one penlabenzoute, m.p. 1 14 n . 

The ar el ales of both are aromatized by healing with sodium aeelate or 
pyridine to give 1 ,2,3,5-tctruaretoxyhenzono, whereas the benzoates yield 
I -hydroxy-2 ,3 , 5-lribenzoxybeuzene. 8,1 

Sodium nmtdgam reduction in acetic acid produces approximately equal 
amounts of wirw-inosilol and seyllitol from scyllo-mrw-inosose, and /myo- 
inositol and epiinositol from epi-mrso-inosoHC. (Catalytic hydrogenation of 
the latter in neutral solution over platinum oxide forms mainly ?ucw-inosi- 
tol. In acid solution, catalytic hydrogenation of Kryllo-mrw-moHOse gives a 
desoxyinosilo].*® It is evident, consequently, that the two inososes ore 
not identical as was presumed by Kluyver and Boezaardt. 

/-Quinic acid, a 1 ,3, 4, 5-tefcrahydroxycyclohexane-l -carboxylic acid, 

« H. Muller, J . Chcm. 8 oc., 101, 2383 (1912). 

" A. J. Kluyver and A. (5. J. lluczoardt, Kcc. Irav, rhint 58 , U5K (1939). 

Jl T. Pasternak, Heir. Chim. Actu, 84, 1045 (19*11). 
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m.p. 102° ; [a]" —44°, is found in cinchona bark, meadow hay, the tops of 
whortle berries (V actinium myrtiUus, L.), the leaves of the mountain cran- 
berry (V actinium V itie-idaca, L.) and combined with caffeicacid"aachloro- 
genic acid in the coffee bean.' 4 

d, f-Quinic acid occurs in the heads and leaves of the sugar beet.* 4 It may 
be resolved by means of the quinine or brucino salt. 

d-Quinic acid, m.p. 104°; [a]* +44°, is obtained from the racemic acid 
by resolution nr by the action of microorganisms, tlic /-form being de- 
stroyed.“ 

Shikimic acid, a l,h-cyclohexene-3, 4, 5-trihydroxy-l -carboxylic acid, is 
found in the star anise (Illicium verum or religiosium).* 

The relationship beta een quinic and shikimic acid is illustrated in Fig. 1 . 
The elucidation of the structures is given in the following section. 


3. Proofs of Structure and Configuration 

A. mcdo-Inositol. The characterization of mcso-inonitol, C,U 1S 0«, as a 
cyclohexunchcxol was made by Mnquenne in 1887° on tho basis of the 
presence of six acctylizablc hydroxyl groups, the absence of reducing power 
towards Fchling solution, the indifference to phenylhydrazine, the sta- 
bility to dilute nrids and baseB, and particularly, the conversion to triiodo- 
phenol and benzene by hydriodic acid, and to the known tetrahydroxyben- 
zoquinone and rliodizonic acid by nitric acid oxidation. 



This oxidation reaction is general for the inositols and is the basis for the 
chissical Scherer" test for inositol, a ml coloration produced by heating the 
substance with niti-ic acid followed by the addition of ammonia and calcium 
chloride. 

The total synthesis of inositol by catalytic hydrogenation of hexa- 
hydroxybenzene was carried out by Wieland and Wishart 11 , mcro-inositol 
being the only inositol found. Hexahydroxybenzenc, itself, can bo pre- 
pared by the reaction of carbon monoxide and potassium and subsequent 

14 “Bcilsteine Handbueh ilrr organinchen Chemie/’ vol. 10, p. 635; J. Springer, 
Berlin (1927). 

" E. O. von Lippmann, Ber., 34, 1160 (1001). 

“ J. V. Eijknuin, Hoe. Irm. chim., 4, 32 (1386) ; 8, 299 (1886). 

* 7 L. M&quennr, Ann. chim. phyt., {8] It, 1, 112 (1887). 

•* J. Scherer, Ann., 81, 376 (1862). 
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m uidificution with dilute hydrochloric acid. This evidence unequivwally 
PKtabliflhes the cyclohcxanehexol nature of nKWJ-inoiilol. 

By iudcjioiulent means, the configuration of mrso-inositol was cstalilished 
by Dangseliul*" and by l’ostemak. 1 ' Previously, S. mid T. Posternak 41 bud 
narrowed the possibilities for mcso-inositol to 

O - o 

an is) 

by isolating both DjL-tnlnmueic and DjL-f/htco-saeehuric acids from (ho 
products obtained by the oxidation of mcse-inositol with cold alkulim 1 
permanganate. Dangschat, milking use of the acet omit ion 1 echoic of II. 0. 
L. Fischer (see sections under conduritol, quinic and shikimic acids) a ce- 
ll milted and acetylated mcw-inositol to a monoisopropylidone tetraacetate. 
Hydrolysis of the isopropylidenc radical followed by lead tetraacetate 
oxidation and then ]>erucetic oxidation led to llie isolation of n,L -/rfo- 
saccharie acid (see accompanying formulae). Identification of the d,l -trio 
saccharic acid was made by comparison of the diethyl ester and diamide nt 
the acetvluted acid with those obtained from n-xylose and n-xvlose through 
the cyanohydrin (synthesis. From a consideration of formulas (II ; and (IV) 
it is evident that only (IV) is consistent witli the evidence. Hence, the 
course of the mictions must have been as follows; 



n (OAftU and taunty 


H OAo H QAe OAC H OAC H 

Ida- | I I I 1111 

DLL- Saccharic ^ G-H.OOG-G— C~C— C-COOC,H 5 + C^H 8 00G-G— G-G~ C-GO0G,H b 

«■« i i i i . i. i L. 


“ G. Dangschat, Natarwiasenschaften, SO, 146 (lf>42) . 

40 S. and T. Postcrnak, Helv. Chim. Acta , IS, 1170 (1929); T. PiiBteruak, ibid., IS 
1284 (1935). 
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i 

Posternak, on the other hand, applied the alkaline permanganate oxida- 
tion to acyllo-mcso-inososo (bioinosose) and obtained D,L-itftmtrrkarir 
(n,L-idoric) arid.” This evidence simultaneously establishes tlio configura- 
tions of the inosose, mcso-inositol and scyllitol. The only coniiguralion com- 
patible with the recovery of i»,L-«fo-saccharie arid from the inosose is: 



o~'4o* Saccharic odd 


L- /i/o- Saccharic Odd 


Since mnto-inosilol had previously been limited to configurations OH mid 
( FV) (p. 2(14 j, it must have configuration (IV) : scyllifol, an ppimer of metm- 
inositol, obtained by reduction of this inosose must have configuration 
(IX) 

B. (/• and (-Inositol. Posternak established the configurations of r(- and /- 
inositol by isolation of niucic acid and of n-p/uco-surrhurir (glurimr) acid 
from the prodnrts of the eold alkaline permanganate oxidation of /-inositol. 4 ’ 

The formation of n-f/.'wro-sarcharic arid requires that the following con- 
figuration be present in (-inositol : 



And since marie arid was also isolated, there must tie another pair ol rut- 
hydroxyls. However, because /-inositol is optically active, there is only one 
possible arrangement and that is (he projection of the second pair of rin- 
hydroxyls above the plane of the ring. Hence, d- and (-inositol mUHt Fie : 


0 o 

/-Inositol 4 - Inositol 


C. rf-Quercitol. Homann in his dissertation 49 establisliod conclusively that 
rf-quorcitol w as a pentahydroxy compound by way of the acetate. I’runier 44 
meanwhile had aromatized the compound rhicHy to lienzene by menus ol 
hydriodic arid. On the basis of this evidence Kononnikow (see ref. 44; 


"T. Posternak, Heh. Chin. Ada, IB, 1007 (1032). 

11 F. W. floinann, Dissertation, Wrirsburg (1875); Ann., 190 , 282 (187K) 
" Ij. Pranier, Ann. ekim. phyt., 15] IS, 1 (1878). 
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proposed a cyclohexanepentol structure. Kiliani and Scheibler, 44 however, 
believed this structure to be incorrect because when d-quercitol was oxidised 
with nitric arid mucic acid was obtained. They contended that if Kanan- 
nikow’s structure was correct, a trihydroxyadipic (desoxyhexaric) acid 
should have been formed. In addition to mucic acid a pentaric acid was 
isolated, identical with that obtained by the oxidation of n-arabinose. 
However, they indicated that there is insufficient information to attempt 
to formulate a structure. 

In 1926, Karrer* reviewed the data on rf-quercitol and came to the con- 
clusion that it must have one of the configurations represented in the follow- 
ing two enantiomorphous pairs : 

o o o o 

la) lb) (a) M) 

Pnstemnk subjected rf-querritol to cold, alkaline permnuganalc oxidation* 
and isolated the trihydroxyadipic acid that Kiliani and Scheibler failed to 
find. This hydroxyadipic acid proved to be identical with the so-called 
metasaccharonic acid obtained by oxidation of metasacchurin (see below). 
The configuration of metasaccharin is related to 2-deso\y-n-\jlose, 47 ob- 
tained from D-xyloHe through n-xylal but first obtained by Kiliani 4 ' by the 
degradation of metasaccharin, and called nietasacrharopcnlose by him. 

II OH ' 

As 2-desoxy-D-xylose has the configuration HOOH/ — 0 — 0 — OH* — OHO 

011 II 

it follows that metasaccharonic acid must likew ise contain thisconiigurution. 
The configuration of the remaining asymmetric carbon is assigned on the 
basis of the dextro rotation of the phenylhydrazide (Hudson’s rule) of the 
aldanic acid (metasacchoriniu acid) obtained from metasaccharin. 

Hence, the full configuration of metasncelummic arid is 

H OH H 

HOOC— C-i— CH,- -C--C001I 

I I I 

IIO H OH 

and should be called 3-desoxy-D-galaclaric acid; tf-querritol must have 
configuration (b). 

* H. Kiliani and C. Scheibler, Ber., it, 517 (1880) 

41 P. Karrer, Helv. Chim. Ada, 9, 116 (1026). 

41 T. Pasternak, Helv. Chim. Acta, IS, 048 (1032) 

«P. A. Levcne and T. Mori, J. Biol. Chem., 83, 800 (1020), 

41 H. Kiliani. Ber., 38, 2060 (1005). 
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Hie relationships can best be summed up in the following chart: 


tcb 

fJ-Quercitol 


H | II | 

Horn,— 0-0 — oh,— o— ro 
ho n on 

Metaaaccharin 


PhNHNH, 


II 011 II 

Hooc-0-- o— cifi— o— coon 

HO H OH 

/ 

/ 3-Deaoxy-u-galactaric acid 
UNO, / (Metasarcharonic and) 


kus n oh 

d^uo T HO OH, 0 C CH, CHO 
* JI0 H 

2-Desoxy-D-xyloeo 

(Metaaaecharopentoae) 


Phenylhyilrazidp 
lain + 34.4° 


II 011 

CHr-0 — C--CH=CH 
I HO H I 

! . I 


n-Xylal 


D. Conduiitol. The configuration of conduritol, and incidentally those 
of olloinositol, mucoinositol and dihydroconduritol, was elucidated in 1039 
by Fincher and Dangschat 25 who applied tlie acetona Lion-oxidation tech- 
nique previously used so successfully on quinir and shikimic acids. The 
steps utilized were as follows : 



MydraccndurilDl WlanaaiW Muole acid 

(qalactaric a eld) 



0HUM1BTKY OF THU VAKHOHYDBATU1 


271. 


If, however, eunduritol was first acctylatod then the following results were 
obtained. 



MucomoslfDl 

E. Mytilitol. Willi the establish™ on l of the configuration of scyllo-mw>- 
inuHOHO (see p. 273), Poslernak was able to proceed with the configuration 
of inytililoF and a number of synthetic products, isomytilitol, hydroxy- 
irivtilitoJ and hydroxvisomytililol, through the following series of mictions 


Ur jft mhjfd F1U1 oi 



Hydrurmrlihlol Hydiwy.iOByl.liW 


In the* (Jriguard reurtion, mytilitol and isomytilitol are formed from liir 
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pcntanctctyliiiosose. The configuration with three adjacent cis hydroxy] 
groups was assigned to isomytilitol and the other to mytilitol by analogy to 
the periodic acid oxidation of scyllitol and ?nettMnositol. Scyllitol has a com- 
pletely tram configuration and is oxidized more slowly than mraMnwsitol. 
Similarly mytilitol is attacked less rapidly than isomytilitol. 

Since hydrogenation of both the epoxide derivative of scyllo-mwHimsoso 
and of its pentaacetate (obtained through the Arndt -Eistert synthesis) pro- 
duces isomytilitol, the configuration of the tertiary carbon atom is estab- 
lished inasmuch as the oxygen remains with the tertiary carbon during 
scission of the epoxide group. Scission of the epoxide ring in the pentaacetyl 
derivative with either acetic acid or /Moluencsultonic acid, likewise, does 
not involve the tertiary carbon atom, for t he ready replacement of the tosyl- 
oxy group by iodine indicat es a primary ester linkage. Therefore, I he hy- 
droxy derivative appears to be configurationally related to isomytilitol. 


o 


0 H * 


CH, 

oTa 


O" 

> ' CMiOT* 


On the other hand, acetylation with acetic anhydride in the presence of 
anhydrous ferric chloride or zinc chloride 1 apparently involves an opening of 
the ethylene 1 oxide ring at the 1 tertiary carbon with consequent inversion, 
for the hydroxy derhutive ultimately obtained is not hydroxy isomytilitol. 
Hence, it would seem to be the epimer configurationally it' u led to mytilitol. 

F. Quinic Acid. The burden of the proof uf configuration of qiiinic arid 
rests on a series of reactions involving the need one drrn utive and its lactone 
(epiinuieO 4<l The 1 following scheme illustrates the reactions involved. 


yr- > nnflH / “ ">'9"° 

f r u > 

1,1 C(CH s ) a 

Ouinir acid 

! I 

ml on rf I «*■ ' 


o 


Ouinida 


C-0 


f v C - NHNHg 

CjW llUl 


CICH,) t 


M,C ( CH, 



C (CHg){ 


Pb|0ftrl 4 


C(CHs) b 

I hydralyit, 
PHNH-NMj 


Phtflylhydrazona 
but no oiozono 

«» H. O. L. Fischer. Her., Si, 77S (1021); H. 0. L. Fischer and G. Dangsrhat, ibid., 

eg, 1000 (1082). 
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It had been previously established that quinic acid readily forms a lac- 
tone called quinide. Quinide was shown to have a y-la clone structure by 
conversion of the trimethyl ether to 3-hydroxy-4-raethoxybenzoic acid 
(isovanillic acid). At the same lime, this reaction established that the hy- 
droxyl at carbon 3 and the carboxyl must be on tho some side of the ring. 
Since the hydroxyl derivative obtained through the Cirignard reaction con- 
sumes one mole of lead t etraacelatc and from the residt s of the Curtius deg- 
radation, it follows that carbon 1 must have both a carboxyl and hydroxyl 
attached. Furthermore, since the resultunt ketone cannot form an osazone, 
carbons 2 and G must bo free of hydroxyl groups. By elimination, therefore, 
the remaining two hydroxyls must be at carbons 4 and 5. Finally, these must 
bo cis in order to form an acetone derivative and be tram to the hydroxyl at 
carbon 3 Ijecause quinic acid is optically active. 

G. Shifcimic Acid. The configuration of shikimir acid was established by 
H. 0. Ii. Fischer and 0. Dangschat 50 through the following series of reac- 
tions. 


o GOOCH, 


Methyl ihihimati 


DCilonoliDn 

ocatflaiion 


N t |Ni|, I hydrslfii 


H H OH 
I I I 

HOCHj-G-C-C-C^-GOOH 
HO OH H 

2-DMUyflluconic acid 


C(GH 5 ) 2 


H 

0 


>cooch 3 


HMn0 4 


C(GH 3 )2 


I 0 1 

I H H I 

0 - G — C— C — G-CHg-GOOH 

I I I 

0 0 H 

\ / 

ClCHsJf 



H H OH 

I I I 

OHG -C -C -C-CH 2 -C -COOH 
III I 

0 0 H 0 

\ / 

C(CH sll 


Those steps leave no question regarding tho configuration of shikimic acid 
and the position of the double bond. 

The structural similarities among quinic, shikimic and gallic acids are 
striking and their possible relationship in the plant are disrussed by Fischer 
and D&ngsehat. 

»'H. «. L. Fischer and (J. Dangschat, Helv. Chim. Acta , 17, 1200 (1934); 20, 705 
(1937). 
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HD 

Q“” O- 

HO 

d-Qumleacld Shlklmle acid Gallic acid 

4. Reactions 

The reactions of the cyclitols arc those of the polyliydric alcohols, but the 
presence of the ring structure exerts an important modifying influence. 

A. Behavior with oxidizing agents. 

a. Nrrair Acid 

The ryrlitols are resistant to oxidation with dilute nitric acid but with 
concentrated acid, depending on the conditions, a variety of products may 
he obtained ranging from carbon dioxide to cyclic ketones. Reference will 
be mode here, as well os in the subsequent reactions, to those instances in 
which the ring lias remained intact or in wliich it haR been opened and com- 
pounds retaining all the original carbons have lieen isolated. 

The Scherer tost" for mrtso-iiiosil ol is dependent on the formation of rho 
dizonic acid, whose calcium salt has a red color. This test is given by all the 
known inositols and will probably be given by those not as yet synthesized. 
It is not satisfactory when applied to the methyl ethers. 61 Salkow ski 61 has 
modified the Scherer test to that os little as 0.1 mg. of inositol can be de- 
tected. The test is earned out os follow s : A little inositol is dissolved in 1-2 
drops of nilrie acid (sp. g. 1.2), a drop each of 10% CaCl- and 1-2% 
HiPtCl« solutions are added, and the mixture is cautiously concentrated on 
a porcelain miciblo cover. A rose to brick-red color appeal's. 

Harlow and lloglan, as well as Preisler uml Hergcr, 6 ' give detailed direc- 
tions for the preparation of rliodizonic acid in quantity from mem-inositol. 

The reaction apparently goes through the following steps: 



Tctrahydroaybinzoquinona Rhodizonie odd 

Other higher oxidation products are formed at the same time. 

61 P. Dekker, KauUchuk, IS, 110 (1037). 

M E. Salkowski, Z. physiol . C'hem , 69, 47S (1910). 

•* U. Barlow and F. A. lloglan, J. Am Chcm Soe , 6t, 2397 (1940); 1*. W. Preisler 
and L. Berger, ibt d , fit, 07 (1042) 
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Pasternak™ oxidized mcao-inositol to epi-mew-inosose, a pentahydroxy- 
evelohexanone (sen above). The yield was poor. 
rf-Quercitol haw lx*»n oxidized lomueic (galactaric) acid. 44 

b. AijK\ltne Pkrmanoanatk 

This oxidation, as employed by Postemak, was very useful in elucidating 
the configuration of the inositolH (see above). From mm-inositol S. and T. 
Postemak obtained D,L-fri/rj-Haccharic (talaric) and D,L-0faftM3accharic 
(gluearic) acids. From scyllo-MWMnososc, T. Postemak obtained d,l- 
/r/o-saccharic (idaric) acid. In these instances, the ring was opened to form 
dibasic acids. rf-Quercitol was oxidized by Postemak 45 to metasaccharonic 
acid. In all these oxidations, it was necessary to maintain low temperatures. 

r/-Quercitol was oxidized to benzoquinonc by Prunier 54 with manganese 
dioxide in sulfuric acid. 

/-Quinic acid was oxidized to benzoquinonc by Wbhler.™ Derivatives of 
conduritol and shikimir acid were hvdroxylated at the double bond by 
Fischer and Dangschat. 25 Rn 

r. IhcOBHOMlTK AND VhOMIN'K 

d-Quercitol was oxidized by Kiliani and Schafer who used bromine on an 
aqueous solution of the eyclitol. They obtained a eyelohcxanetrioldiono 
characterized as the bisphenylhydraznne, m.p. 180° (d.).* 

/-Quercitol was oxidized by Power and Tulin 57 to a cycloliexauetrioldione 
using sodium hypobromite. They characterized the compound as the bis- 
phenylhydrazonc, in.p. 209° (d.). 

</. TetiuvajiENtLead 

Ijead tetraacetate 1ms been (in ployed for the oxidation of the muco- and 
allo-inositol derivatives obtained by hydroxylation of the corresponding 
conduritol compounds. 2 ' 1 ritiinately, there were isolated and identified the 
dibasic acids corresponding to the dialdehydea obtained by breaking the 
eyclitol ring. 

fjoad dioxide 1 was used by Hesse 114 to oxidize /-quinic acid. He obtained 
hydroquiuonc. Evidently decarboxylation resulted as above. 51 

i. llxni.m \i. Oxidvtion 

Scylhww so-inosose (‘ > hioinoso*c ,, ) 1 a pent ah ydroxy cyclohexanone, was 
obtained by the action of a special strain of Acetottaclrr suboxydarui 1 * 53 on 
rMMO-inoHilol. 

&i L Prumi'i, .Inn. rhim. phy*., |5| IS, 64 (187B). 

“K Wohlci , . I /f vi , Si , L48 (1S44 1 . 

“ II Kiliam and .1 Hchafei, Be/ SB, 1765-6 (1696). 

” F. B. Powci and F. Tulin, J. Chtm. Boc., 8S t 628 (1904). 

«(). Hesse, Ann., 114 , 296 (1860). 
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Dunning reports the isolation of a dike to derivative of mew-inositol** also 
funned by a strain of A . auboxydam, but the physical constants of the com- 
pound, the acetate and the biaphenylhydrazone are not given At present, 
the identification is questionable. 

B. Reaction with Halogen Acids. The reactions of the cyclilols with halo- 
gen acids may lie divided into two groups, halohydrin format ion and aroma- 
tization. 

a. Halohydrin Formation 

There appears to l)e only one example of lialohydrins obtained by direct 
action of halogen acids on the cyclitols; '/-qucrcitol w r as heated at UK) 0 with 
a solution of HOI (saturated at 10°), and u very small amount of substance, 
m.p. 198-200°, was obtained which had an analysis corresponding to a 
monochlorohydrin, 54 and also one, m.p 185°, that appeared to be a tri- 
chlorohydrin, CfII 7 CIi(OII)i. 

A number of such derivatives have been obtained from cvcluliexanehexol 
esters through the action of HOI or IIBr on the ester* or by reacting an 
acyl halide with a cyclitol * h * h In the latter case, esterification, more or less 
complete, probably occurs initially; this is followed by the action of the 
liberated halogen acid. The known halohydrins and esters are listed in 
Table III. 

Although the configurations of these substances arc unknown, then' is 
some evidence which makps it possible to group those of like configuration. 
It must be kept in mind that these configurations may differ from those of 
the original cyciit ols in view of Muller’s isomerization of rru so-inositol and 
scyllitol hexaacetates* 1 and the fact that pinitol (the monoinethyl ethei ot 
r/-inositol) apparently gives the same dibromohydrin derivatives fis mcm 
inositol (see Table III ). 

The dichlorohydrin tetraacetate, m.p. 118°, is an ester ot the dichloro- 
hydrin, m.p. 221 °, for the latter, when acetylated, givcH a product witli a 
melting point of II 8°; the same dichlorohydrin and tetraacetate can lx* ob- 
tained from the triacetate. 

The dibromohydrin, m.p. 216°, the dibromohydrin diacetate, m.p. 21 4°, 
and the triacetate, m.p 1 21°, w hou acetylated, produce the dibromohydrin 
tetraacetate having a melting point of 130°. Muller’s* 1 tw r o dibromohydrin 
tetraacetates are probably identical with those obtained by ( iritfin and Nel- 
son 6 * (as pointed out by the latter authors) because the crystal habits are 
very similar and because repetition of Muller’s procedure by these workers 
yielded only the derivatives melting at 225 and 130 u . 

It also seems likely that the dichlorohydrin tetraacetates are configura- 
tionally identical w'ith the corresponding dibromohydrin tetraacetates, for 

■■ J. W. Dunning, Iowa State Coll . J . Sc\. t U, 24 (1038). 

E. G. Griffin and J M Nelson. J Am Chem Snr , 37, 1**2 (lOlfij. 

L. Maquenne, Cmn.pt. rend., UH, 1720 (1887). 
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these halohydrins acetates appear to be isamoiphous ; the parent holohy- 
drins also are isomorphous. 


TABLE III 
Halohydrins of Inositols 


Derivative 

MP. 

PC.) 

Ref. 

A. ffMBO-Inosilol Derivatives 

Munochlorohydrin pontaacetate 

109-110 

31 

it K 

118 

31 

tt ii 

240-247 (260) 

31, 60a 

Monochl orohydrin triacetate 

145 

31 

Monochl orohydrin 

180-185 

31 

Ghlorohydrin benzoate 

— 

60b 

Dichlorohydrin tetraacetate (a) 

180 

60a 

■* “ (A 

118 

GOa 

Dichlorohydrin triacetate 

1 

60a 

Dichlorohydrin 

221 

60a 

Tribromohydrin triacetate 

180 

GOa 

Dibromohydrin tetraaretale (nr) 

225 

GOa 

“ (p) 

130 

00u 

ii ii 

235 

31 

ii *1 

140 

31 

Dibrnmoliydiin triacetate 

124 

60a 

Dibromohydrin diacet ate 

211 (d ) 

GOa 

Dihiomohydrin 1 

i 21G 

OOa 

■i i 

1 210 (d ) 

31 

Monobromohydrin pent ancr lute 

240 

31,60a 

Monobromohydrin 

170-175 1 

1 31 

B. Scjllitol Derivatives 


Monochl orohydrin 

200 (d ) 

31 

Dibromohydrin tell a acetate 

235 

31 

Monobromohydrin pentaaeetate ■ 

1 240 

31,60a 

Monobromohydrin 

| 170-176 

3J 

C. Pinilol Derivatives 


Dibromohydrin tetraacetate (a) 

225 

GOa 

■■ “ (p) 

130 

60a 

Dibromohydrin 

216 

60a 

Two biumuhydrinf. have l>een synthesized by Kubler by other means.” 
Conduritol, treated with bromine water ut 50°, yielded a dihromocyclo- 


hexanetetrol, m.p. 17(i°, and a monobromoeyclohevanepcntol, m.p. 175°. 
The latter agrees in melting point with Muller’s monobromohydrin, m.p. 
170-5", obtained from seyllitol and from weso-inositol. It is possible that 








THE POLYOLB 


the two may be identical 01 although the melting point of Muller’s compound 
would indicate that it had not been completely purified. 

b. Aromatization 

The halogen acids acting directly on the oyclitols generally produce sub- 
stances of a henzenoid nature. This behavior is especially characteristic of 
hydriodic acid, although instances where hydrochloric and hydrobromic 
acids have acted similarly are reported. Thus, Maqucnne reported the isola- 
tion of 2 J 4,G-triiodophenol, phenol and other aromatic substances! 02 by the 
action of fuming ITI at 150 170° on rf- and mcso-inositol. Lautemann 00 re- 
ported benzoir acid from i-quinir acid using III. Prunicr 64 obtained ben- 
zene, phenol, hydroquinonc and l)cnzoquinone from d-qucrcitol. Oswald 04 
obtained benzoic acid by healing an aqueous solution of shikimic acid w’ith 

Hydrochloric acid has been used for tlie aromatization of sliikimic acid to 
p-hydroxybenzoir acid 6 ', and of f-quinic ac i id to hydroquinonc and p-hy- 
droxyhenzoic aciil. 80 Conduritol was transformed in port to catechol by 
12.5 to 25% 1IC1 27 Fuming hydrobromic «icid converted f-quinic acid to 
hydroquinonc, 3 , l-dihyilroxybcnznic arrl benzoic acids. 07 Muller 31 reported 
the isolation of a small amount of bromobenzono as a result of the treatment 
of inositol hexaaretale w if h a glacial arctic acid solution of IIHr. 

Such aromatization is not peculiar to the halogen acids, for sulfuric acid 
or alkali at high temperatures or even heat alone will cause the dehydration 
of certain of the cyditols to aromatics. 88 

The pent uu cel ate and pentabenzoatc of wyWo-mrao- and epi-mfWMnosose 
when heated with pyridine or sodium acetate form 1 , 2 , 3 , 5-t etraacet nxy- 
bcnzenc and 1 -liydroxy-2 ,3 , 5-tribenzo\ybonzene, respectively. 

C. Esterification. Esterification of the cvclitols may be curried out using 
the free acid, acid anhydride or acid chloride with or without the presence 
of catalysts in the usual maimer (see Chapter IV). However, partial esters 
have in some instances been recovered from reactions in which full csterifica- 

11 Since d- and J-inositol rather than 7 /ifAO-inuhitol runLain the same configuration 
as conduritol, a Walden inversion presumably occurs in the preparation of Milller’s 
derivative and bromine enters one of the two neighlwring positions. 

Tho addition of HOBr to conduritol might yield four cnantiomorphous pain of 
monobiomocyclohrxanepcntols. Kublcr apparently obtained only one d.l pair, the 
same one synthesized by Muller. 

■ L Maqucnne, Compt . rend , 104 » 207 (.1887) ; 109 , 813 (1880). 

13 E. Lautemann, Ann., 1*5, 9 (1863). 

01 F. Oswald, Arch. Pharm., £*9, 100 (1891) 

« J. V. Eijkman, Bet *4, 1286 (1891). 

M 0. Hesse, Ann., *00, 238 (1680). 

07 R. Fittig and W. F. Hillebrand, ilnn., 195 , 197 (1878). 

11 “Beilstcins Handbuch dor organischcn ('hemic,” vol. 6, p 1186; J Springer, 
Berlin (1923); vol. 10, p. 458, 536 (1927). 
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lion was desired. Hie distriluition of the acyl groups in these compounds is 
not known. 

An interesting ease of partial esterification is the acylation of l-quinic 
acid. II the acid and acetic anhydride are refluxed briefly, one obtains tri- 
aeetylquinide (the lactone of quinie acid). If zinc chloride is present tetra- 
acetylquinir acid is formed. 69 However, if quinie acid and benzoyl chloride 
ure heated at 130 to 140° the main product is tetrabenzuyl quinie acid. If 
the reaction is carried out in the presence of pyridine, trilienzoylquinide is 
the chief product. 7 " 

Some phosphate esters ol mc#o- inositol have l>een prepared 71 in order to 
active at a better understanding of the structure of phytic acid; this natural 
lievuphosphate appears to be of considerable importance biochemically to 
many plants (see under occurrence of mcw-inositol). 

Miiquennc prepared the hexanitrate and found that it detonates with 
4ioek 11 

D. Alkylidene Formation. Acetals and ketals of the cyclitols have not 
been prepared to any considerable extent. It might be expected that this 
type of compound could be useful in elucidating configurations as w as shown 
by Fischer and Dnngschnl in their work on sliikimic acid, quinie acid, and 
ronduritol. ib %H 6 " 

The ronfiguntlion oi tlie naturally occurring methyl ethers as well as 
those oi the \ arimis Imlohydrins remain to be determined, and the problem 
undoubtedK could be solved by applying the technique of Fischer nr ol 
Postemak 

Some otliei examples of alkylidene derivatives are 3-uretyl-4 ,5-methvl - 
enequinic amide, m.p 149°, and 4 ,5-methyleneshikimic acid, mp. 1 38°, 
|t*| u 88 7 C (\H)). U 

E. Metallic Complexes. The cyclitols can form complexes with metals 
similar to l hose ot the acylic polyhydric alcohols. 

The formation pf an insoluble reaction product with basic lead acetate is a 
means ot removing mcw-inositol almost quantitatively from solution. 74 

F. Miscellaneous Reactions. If mrso-inositol is treated w ith t hinny 1 
chloride m the presence of pyridine 76 there are formed a monochloro- 
oyclopeutitol, deromp. 248°, a letrachlorocyelohexanecliol, m.p 1Sfl D - 187°, 
and some poly chlorobenzenes and polyrhlorophenols. 

There is only one instance reported in the literature of the preparation of 

M ]] Ei wig and W KoenigH, Bei , 1458 (1880) 

/U P. Echtcrmpirr, Atch Phnnn &44, 46 (1006) 

71 8. PoMeinnk, /fr/i* Chim 4r/«, 4* 160 (19*21); H. J. Anderson, /. Htol. Chtm , 
12, 97 UM12) 

71 L Maqucnnc, Vompt tend , 104, 1719 (1887) 

71 U Dangnchal and H. O. L Fischer, Nnturwiasenachaften. Jtf, 562 (1988) 

74 G Meillfre and P Floury, J. pharm. chim. } [7] /, 384 (1911). 

7 * II Majiina and H. Rimanuki, Pm Imp . Acad . (Tokyo), f, 544 (1926) 
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an external ether. This was obtained from d-quercitol by Prunier** who 
heated the cyclitol at 235-260°. A compound, m.p. 228-230 p and having the 
composition CmHoOi, sublimed. Evidently, a dicyclitol ether was formed. 
The residual sirup contained a small amount of substance (quercilan ) hirh 
may be an internal ether. 

An example of an epoxy type of anhydride was obtained by Posternak 
employing the Amdt-Eistert synthesis while eluridating I hr structure und 
configuration of mytilitol (see page 276). 

A probable epoxy compound was obtained by Kijkmun w who treated 
shikimic acid with bromine and obtained a diliromo compound, m.p. 188’, 
[a]„ —58° (HjO). ()n treatment with 0.5 mole of moist silver oxide, il 
lost one mole of HBr forming a monobromohydrin, m.p. 235°, |crj„ + 22“ 
(H*0). Tlie monobromohydrin on treatment with aqueous barium hydroxide 
gave a carboxy cyrlopcntitol. The react ion, therefore, probably promoted 
as follows: 



SMklmls ocM Dthydruyihikimie aeid 

This pentahydroxy aeid begins to melt at loll' with the splitting out ol 
water (probably lactonizatinn). 

Griffin and Nelson 10 * found that mew-inosil ol w as resistant to alkylation 
by most of the usual etherifying agents except dimethyl and diethyl sul 
fate. They obtained a monomethyl ether, m.p 20-1 °, its pentaaeetate, m.p. 
141 also the tetraacetate, m.p. 223°, of a dimethyl ether which was ob- 
tained as a sirup after saponification of the ueetatc. They also obtained a 
sirup which has an analysis corresponding to a triacctyl dimethyl ether. 
With diethyl sulfate a monocthyl derivative was isolated as the puutaaco- 
tate, m.p. 128°. They also isolated a tetraocetyl diethyl ether, m.p. 2l2 n , 
which was saponified to the free diethylcyclit ol , m.p. 2 1 2°. 

An aryl ether was synthesized by Milhorat and Bartels 70 who reacted 
benzene hexachloride and a-tocopherol in absolute alcoholic KOH under 
nit ro gen with simultaneous etherification and hydrolysis of the bcuzeu«* 
hexachloride. This is noteworthy because it is the first successful hydrolysis 
of benzene hexachloride. However, the cyclitol portion may not necessarily 
have the meso-inositol configuration. 

Because of the cousiderable stability of the inositols to hydriodic acid id 
constant b oiling pojut, it is possible to obtain quantitative recoveries of the 
inositols from their naturally occurring methyl ethers. 

71 A. T. Milhorat and W. E. Martels, Science, 101 , 98 (1946). 
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5. Biochemistry 

The inositol compounds were early recognized an of great importance 
because of their wide distribution in nature. Hence, it waH natural to at- 
tempt to synthesize these subst anccs. 

While the total synthesis of mcso-inositol has been carried out starling 
with potassium and carbon monoxide" no synthesis in I’itro lias approached 
that accomplished in vivo. The most direct method, obviously, would be the 
ryclizution of an aldnhexose by an internal oldol condensation. Michcel and 
associates 17 made a number of unsuccessful attempts in thia direction. 
Micheel also reacted the 1 ,6-diiodnhydrin of dimethylenomannitol with 
“molecular” silver in toluene or xylene at 105 -170° and obtained two di- 
methylene derivatives which on hydrolysis yielded the free polyols. One, 
melting at 229°, [a]' D ’ + 31.6 (list)), was believed to be tetrahydroxyman- 
nocyclitol and the othpr, molting at 1 18°, [a]” - 17.6° (CJICb) was be- 
lieved to be 1 ,6-didehoxymannitol. 78 

The structure of Micheel’s second compound, as opposed to the views of 
Hamomurn, was confirmed by reduction of the l,6-diiodo-2,3,4,5-di- 
benzylidene-D-mannilol with Raney nickel and subsequent removal of the 
benzylidene groups. 7 " 

Tt appears, therefore, that “molecular’’ silver obtained by reducing silver 
chloride with formaldehyde contains sufficient, adsorbed hydrogen to reduce 
the iodo derivative to the desoxy compound. 

Since Eastcotl’s work on yeast growth factors'" wherein t/irso-inositol was 
shown to be the so-called Rios I, further research has established this inositol 
as a vitamin not only for the lower organisms but also for the higher animals. 
It is a constituent of the vitamin 11 complex.” Williams believes that in a 
2500 calory diet approximately 981 mg. daily is required." 

mcso-inositol has a favorable effect on eerlaiu types of fatty livers," 
alone or in conjunction with other members of the It group of vitamins. 

77 F. Mi died, II. Rulikupf and V Hunk full, Bet., 88, 1523 (IU35). 

71 F. Mi died, Ann., 496, 77 (1032), rf., I . liumamura, Pro r. Imp Acad (Tokyo), 
10, 460 (1934); Chem. Abet., 1 9 , 1070* (1935). 

7, W. T. Haskins, 11. M Ilium and (’. 8. Hudson, J. Am. Chfm. Bor., 85, 1410 
(1943). 

" K. V. Vast rut t, J. Phys Chem , S3 , 1094 (1928). 

11 H. R. Rosenltern, "('hrinistry and Physiology of thr Vitamins”; lntersricnre 
Publishers, New Vurk (1042). 

»R. J. Williams, J. Am. Med .Issue., 118, 1 (1942). 

•> J. C. Abels, C. W. Kupel, (i T Park and C. P. Rhoads, Proc. Bor. Expti. Biol. 
Med., 51, 157 (1943); J. f. Forbes, ibid., 54, 89 (1943); (i. Ciav’n, J. M. Patterson and 
K. W. MrHrnry, J. H,ol Chim , 148, 275 (1943); M. h. MarFarland and E. W. Mc- 
Henry, ibid., 148, 275 (1943); M. I,. MarFarland and K. W. McHenry, ibid., 158, 605 
(1945). 
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meso-Inositdl corrects the condition in the nit known us spectacle eye,* 4 
It iB also effective against mouse alopecia. 

Woolley lias compared the activities of compounds related to mrso- inositol 
for their curative effect on dietary alopecia uf the mouse. 11 He found •liat 
phytin, mytilitol, soybean cephalin and tnrso-inositol hexaacetate w ere ac- 
tive while d- and /-inositol, d-quercitol, qucbrarhitol and pinitol were not. 
mesa-inositol is found in human hair along with other B romplex vitamins, 
and Novak and Bergeim have indicated that there may be a relationship 
between the inositol content and certain types of human boldness.** They 
found the inositol to be low in these cases. 

In the cose of certain malignant mouse tumors mrso-inositol was found to 
bring about regression of the tumor.* 7 Laszlo and Leuehtenberger haie 
found that the addition of meso-inositol to the diet inhibited tumor growth 
in mice. 1 * Milhorut and Bartels synthesized an a-tocopherol ether of an 
inositol-like substance and found it to be many times more effective in 
eases of muscular dystrophy than wheat germ oil or the ethylene dichloride 
extract of wheat germ. It was also much more effective than oral adminis- 
tration of m iso-inositol and a-tocopherol. 71 

The stimulation of growth of certain types of hnrlcrin has led to the 
development of a microbiological assay method for mrso-inositol in natural 
products.'* This growth stimulation appears to be more specific than the 
cure of alopecia in mice. Mytilitol and phytin, both active against alopecia, 
had 10% and 1%, respectively, of the stimulating effort of /ncso-inosilol 
on yeast grow th. Other related compounds ranged from 5% for meso-inositol 
monophosphate to 1% for d- and /-inositol, pinitol, quebraehitol and mvxo- 
inositol hexaacetate.* 4 

Extremely interesting is the isolation of a guanidine derivative from 
streptomycin that appears to coutoin an aminated ryrlitol*" of the follow- 
ing structure. 



•< P. L. Paveek and II. M. Braun, St if nee, 83, 502 (1041). 

" D. W. Woolley, J. Bid. Chnn., lJfi, 461 (1011). 

•• L. J. Novak and O. Bcrgrim, J. Bid. Vhtn., IBS, 283 (1944) 

• T M. L. Uesmlbach and D Burk, Record Cham. Prognae, 6 , 37 (1944). 

** D. Laszlo and C. Leuehtenberger, Science, 97, 515 (1943). 

■ V. Jurist and J. R. Foy, J. Boot., 47, 434 (1044). 

••It. L. Peek, C. R. HnRhiue, Jr , E. W Peel, 11 R Graber, F. W. Holly, R 
Mosingo andK. Folkers, /. Am. (’hem Soc ,08, 776 (1040); H.E. Clark, II K Claik, 
Jr., S. R. Dickman, Y. H. Loo, P. 8. bkell and W. A. Strong, Science, 103, 540(1946). 


Chapter VII 

ACIDS AND OXIDATION PRODUCTS OP CARBOHYDRATES' ■* 


Aldonic acids, saccharic acids, ascorbic acids and analogs and uronic 
acids arc the most important classes of acidic carbohydrates. Some or these 
acids have achieved commercial importance, particularly ascorbic acid and 
gluconic acid, and the others have interesting potentialities. Slightly oxi- 
dized polysaccharides, particularly starch and cellulose (discussed under 
these substances in later chapl cm) , provide commercially valuable modifica- 
tions of these materials, although the nature of the oxidation has not re- 
ceived much scientific investigation. Naturally occurring acids include 
ascorbic acid, tartaric acid and the uronic acids. Other acids are produced 
ns a result of the action of microorganisms on carbohydrates and are found 
in natural products. 

The characteristic oxidiznhle groupings in the carbohydrate series are: 

-II II 

CIU) 01 HOCII 0, II COIi, CHjOII and — C--C 

I ' I II 

Some typical examples of oxidation reactions and products are given below. 
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1 Prepared by John W. Green. 

1 Homc > general references to oxidation reactions are: Trans. Faroday Soc. t J4, 
9M9B (1946); W, A. Waters, Ann, Repls. on Progm s Chern, [Chm, Soc. London), JJ, 
130 (1946); L J Heidt, E. K. Gladding and C. R. Purves, Paper Trade 121 , 81 
fl946). 
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The most commonly employed oxidative agents arc halogens and 
oxyhulogen acids, nitric acid and hydrogen peroxide. The general field of 
oxidants has not been explored systematically, and the oxidativr mechan- 
isms have received but little study.’ Relatively few oxidation reactions fol- 
low a single course or give high yields of single products. Probably the bro- 
mine or hypoiodite oxidation of aldoses to nldonic acids, the nitric acid 
oxidation of galactose to mucic acid, and the periodic acid oxidation of 
glycol-containing compounds represent reactions with highest yields. Or- 
dinarily, the primary oxidation produrt may lie further oxidised (“over- 
oxidation”)! or several groups may be attacked simultaneously. 

The aldehyde (or hemiacetal) group is the most easily oxidised common 
group found in carbohydrates. Bromine and hypoiodite convert it readily 
to the carboxyl (or lactone) group. Most other agents simultaneously at- 
tack other points of the molecule, although nitric acid (or nitrous acid) may 
have some value for Ihis type of reaction. 

Primary alcoholic groups ( -- CHtOH ) may be converted to aldehyde and 
carboxyl groups by agents surh as nitric acid, hypoioditeB and platinic 
oxide, but the yields are usually low. 

Secondary alcoholic groups [- -CH(OH)— ], particularly those in the 2 


* For such studies, see later sections on hydrogen peroxide, bromine and periodic 
acid oxidation. 
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und 5 positions of hcxose derivatives, can be converted to koto groups, es- 
pecially if other oxidizable groups in the molecule arc blocked. Permanga- 
nate and oxyhalogen salts, the latter in the presence of catalysts, have been 
used for the purpose, but again the yields are poor. 

MohL oxidative reagents w ill bring about cleavage of earbon-carbon bonds 
under sufficiently drastic conditions. Permanganates, chromates and cer- 
ates may cause quantitative decomposition into carbon dioxide, formic acid 
and formaldehyde. On the other hand, hydrogen peroxide (with ferric salts 
os catalyst) and oxygen in alkaline solution produce cleavage between car- 
bons 1 and 2 of aldonic acids and sugars, respectively; the reactions are 
sufficiently specific to be of value for preparatory purposes. The cleavage of 
vicinal glycol groups ( CIIOII CHOII— 1 by periodic acid or lead tetra- 
acetate, usually to diulilehydes, is extremely specific and important. 

. The remainder of this chapter w ill be devoted, first , to a discussion of the 
preparation and chemistry oi carbohydrate acids and oxidation products 
and, finally, to the elTect ol specific oxidants. 

1. Preparation and Reactions 

A. Aldonic Acids. The aldonic acids are the initial oxidation products 
produced from aldoses by most oxidants and are usually isolated as the 
metallic salts or the lactones. As a result of the east 1 with which the crystal- 
line lactones, salts, nmides, hydrazidcs und other derivatives can be formed, 

It — (CJIOH)„ CIIO It (CHOU)*- COOIl 


aldonic acids are valuable lor characterization ol the sugars. The prepara- 
tion of an aldonic acid of the some number of curbon atoms lias often been 
used as proof of aldehyde structure; the ketoses in contrast undergo chain 
splitting and form lower aldonic acids. The aldonic acids con also be reduced 
by HI to the corresponding aliphatic acids. A reducing disaccharide con- 
taining two dissimilar sugar units can be converted to the aldobionic acid; 
subsequent hydrolysis w ill give an aldonic acid of one monosaccharide and 
an aldose, and show the position of the reducing group in the original di- 
saccharide. 

The aldonic acids, especially gluconic acid in the form of soluble salts, 
ore important to the pharmaceutical industry for the purpose of introducing 
appropriate metallic ions such as iron, bismuth and particularly calcium 
into the body in a neutral and easily assimilable form. Calcium lactobion- 
ate ■ Caifr* may have value as a sedative. 

These acids are important precursors in the preparation of sugars with 
fewer carbon atoms. Oxidative degradation with II s Oj and iron saltB (see p. 
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121) produces an aldose of one less carbon atom; thus, n-ghiconic arid is 
converted to D-arabinose, and D-galactonic add to D-lyxoHe. Nitriles and 
amides can also be degraded (see p. 122). 

Methods for lengthening the carbon chains of sugars may involve the 
formation of aldonic acids os intermediates. The Kiliani cyanohydrin syn- 
thesis (see p. 116) creates two new aldonic acids with one more carbon atom 
than in the original aldose. The configuration of the new asymmetric atom 
can be assigned by use of the lactone rule discussed below. 

Finally, an aldonic add can be converted to its 2-epimer by the action 
of alkaline agents (Bee below). 

The aldonic acids apparently do not occur naturally. Certain bacteria 
will oxidize glucose readily to gluconic acid, but no appreciable amount of 
such products have been found in plunts or animals. Nature seems to prefer 
to manufacture unstable intermediates which ran be converted easily to 
"metabolic products,” and the formation of a stable substance like gluconic 
acid may be a stopping point in the reaction chain. In nature, Ihe reactions 
are generally developed toward the oxidation of primary alcohol groups to 
form uronir acids or the splitting of rarbon-enrbon bonds in hexoses to 
trioses. 

Apparently, gluconic acid and its salts ore not metabolized but are ex- 
creted in the urine. 4 When the 'odd or salts is administered orally, only a 
small portion is absorbed as such, liecuusc of decomposition by microorgan- 
isms in the intestine. In proper omountH, gluconic arid and salts produce a 
decrease in the acidity of the urine. 

a. Preparation 

The synthesis of aldonic acids can he curried out in various ways. The 
methods involve not only the formation of u carboxyl group but frequently 
the creation or destruction of asymmetric carbon atoms. The methods given 
below are presented in a simplified manner, for side reactions and "over- 
oxidation” often occur. 

Oxidation of an Aldose to the Corresponding Aldonic Acid, liromine or 
nitric acid are the main oxidants, the latter under mild conditions. The best 
yields are obtained by the use of bromine in u slightly arid buffered solution 
(pH 5-6) (see p. 321 ). The products are generally isolated us the metallic 
sidts by direct crystallization from the reurtion solution or by precipitation 
into ethanol. Yields as high os 95% have been reported in the case of glu- 
cose. Commercially the indirect use of bromine as an oxidant is employed in 
the electrolytic oxidation process with ralrium bromide as a "catalyst”; 

4 See: R. Hermann and MBoriates, Arch, rrptl. Path. Pharmalcol.. 164, 143 (1930); 
100, 300, 081 (193S); Kxptt. Med. Surg., 3, 35 (1045); M. B. CVnonclh, H. Civin, C. 
Salzmon, M. Cohn and II. Gold, J , Lab. Clin. Med., 2U, 1574 (1941). 
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the constant regeneration of free bromine in the solution allows a very 
economical operation. In the case of rhamnose, the oxidation product can 
lie isolated directly us the lactone ; this is one of the few cases for whirh re- 
course to metallic salts is not necessary. 

Oridatw Degradation. In this type of synthesis one or more asymmetric 
carlion atoms is lost and several related sugars may give the same product. 
Fructose and glucose can be oxidised with oxygen in alkaline solution to 
give a 70% yield of sodium D-arabonate. 1 L-Arabinose gives 40% of n-eryth- 
ronic acid. 1 In such alkaline solutions the formation of enols is undoubtedly 
important. L-Ascorbir acid, an enediol, has been oxidised by sodium hypoio- 
dite and by potassium permanganate to L-threonic acid. 7 Such oxidation of 
double bonds docs not occur in the enols alone, for D-orabinal is oxidised by 
ll,()t and 0s0 4 in fcrf-butanol to n-erythronic acid in addition to n-arabi- 
nose.“ Periodic acid and lead tetraacetate are useful for the cleavage of hexi- 
tolh and glycosides to glyceric and glycolic acids (see Clutpter III). 

Synthesis From Lower Aldoses. The Kiliani cyanohydrin synthesis has 
been discussed elsewhere (seep. 1 Hi). In this method anew asymmetric ren- 
ter is created, and two epimeric acids are formed in varying amounts. Be- 
cause of the asymmetric nature of the original sugar, the proportion of epi- 
merh formed is rarely if ever in the ratio 1:1. 

Change of Configuration Without Change in Number of ('arbon Atoms. 
Kpimerization of carbon 2 of an oldonic acid can he rtirried out in the pres- 
ence of alkaline agents. This reaction is discussed later. 

(Synthesis of Acids from Noncarbohydrates. This reaction is a specialised 
one utilized in the synthesis of tetronic acids, because of the rarity of the 
tetroses: threose and orythrose. Thus, the oxidation of 3-rhlorocrotonir 
acid with (Mb and Ba(C10j) x followed by the action ol AgjO gives d,l- 
threonic acid (for details, see Chapter III). 

b. Kuuiunmi’M in Solution 

The free aldonic acids seldom exist as such in aqueous solution ; instead 
they readily form lactones (inner esters) by elimination of water as shown 
lielow. Either of the hydroxyls in the y- and {-positions can take part in this 
reaction. The {-lactones tisuully hydrolyze easily and mutarotate rapidly in 
aqueous solution. In contrast, the y-laetones are more stable and are con- 
verted only slowly in water to the equilibrium mixture of free acid and lac- 

* 0. bpengler and A. Pfannenatiel, Z. Fir. deal. Zucker-Ind., 86, 646 (1U33). 

<• S. U. Nef, 0. F. Hedenburg and J. W. E. Glatlfeld, J. Am. Chrm. Soc., 69 , 1688 
(1917). 

1 It. W. Hertiert, E. L. Hint, E. G. V. Percival, R. W. Reynolds and F. Smith, J. 
Chem. Sot., 1270 (1B38) 

» R C. Hockett and S. R. Millman, J Am. Chum. 8oe„ 0,1 , 2687 (1941). 
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ionrn. In Fig. 1 u shown the mutarotation of several methylated lactones.’ 
Hie distinction between the two types of lactones iB very evident. 
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Fig 1 Mutarotation of methylated larlonea (Alter Haworth ) 
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■ W. N. Haworth, 'The Count it ut inn of Sugare,” p 24; Edward Arnold, London 
(1920) 
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Solutions of aldonic ncide or lactones equilibrate to mixtures of the free 
acid and the 8- and y-lactones, the relative proportions of which depend 
upon the configuration of the asymmetric carbon atoms. The attainment of 
equilibrium conditions is reached only after many days at room temperature 
but is accelerated by the presence of strong acids. 

For gluconic 6-lactone on initial rapid hydrolysis to a mixture consisting 
mainly of the free acid and 5-lactonc occurs ; subsequently a slow rise in rota- 
tion takes place until the value obtained approaches that found for the 
other two forms. The changes in the rotation of gluronic acid and its lac- 
tones are given in Tabic I. 

Equilibrium solutions of acids and lactones of the mannose series contain 
large pr portions of r-lactones, whereas those of the glucose series contain 
large proportions of the 6-lactones and free acids. The lactone of D-gluco- 


Table I 

Optical Rotations of Gluconic Acid and Lactone* 10 


('arboh> (Irate 

Initial Rotation 
(°] D 

1 inal Rotation 

[a| D 

Time 

u-Glueonir will 

-6.7 

+17.5 

10 days 

ii Gluriinir 7-Jactonr 

+ 67.5 

4-17.7 

14 clays 

n-Gluronin 5-lartone 

+66 

+8.8 

24 hours 



+11.5 

05 hours 



+15.8 

25 days 


D-M/o-heptonic acid mutnrotntcs without on increase in acidity, and ap- 
parently little or none of the free acid is formed. 

A solution supers) t united with respect to both free acid and lactone can 
often be seeded with the appropriate crystals and the desired product ob- 
tained. Normally, the free nldonic acid is obtained by concentration of the 
aqueous solution ut a low temperature in vacuo. The free acid ran also be 
crystallized from a solution of the sodium suit in acetic acid. Hie lactones 
an* formed by dehydration, often very easily. Water can be removed by dis- 
tillation with butanol or dioxane or by heating in vacuo. The lactones ore 
crystallized from an anhydrous solvent ; in some cases, as with rhamnonic 
7 -lactonc, they are formed very easily and crystallize readily from water. 

Solvents have a definite effect on the equilibrium composition. Thus, 
mannonir acid dissolved in acetic ucid with 16% of water Bhows a higher 
positive rotation than in water. The mutarotation is slower, but there is 
apparently a greater conversion to the 8-lactonc than to the 7 -lactone. The 

>• II. 8. Isbell and H. L. {'rush, J. Research Nad. Bur. Standards, II, 640 (1033) ; J. 
U. Nef, Ann., 408, 322 (1014); O. F. Hcdenburg, J. Am. Chcm. Soc., 87 , 345 (1015); 
H. S. Isbell and C. 8. Hudson, J. Research Natl. Bur. Standards, 8 , 327 (1032). 
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pH, temperature and concentration also have on effect on the final equilib- 
rium. 

In addition to lactone fonnation, it is probable that extromulecular esteri- 
fication may take place with the fonnation of aldonic esters of uldonic ai ids 
(e.g., gluconic acid gluconate) and chain polymerization also may occur. 
In such systems, the concentration of water present would be expected to 
exert a profound influence on the composition of the equilibrium solution. 
Lactic acid forms external esters (lactides), but this type of condensation 
through carboxyls and a-hydroxyls has not been observed for hexonic and 
pentonic acids. 

c. Epimerization 

The aldonic acids, in contrast to the reducing sugars, are relatively stable 
under alkaline conditions. The configuration of carbon 2 can be altered, 
however, by prolonged lira ting with various alkaline ngents. Gluconic arid, 
heated with barium hydroxide at 1 00° for 1 1 5 hours, is converted 11 to the 2- 
rpimer (mannonie arid) in a yield of 20%. As the reverse reurlion under the 
same conditions provides only 12% conversion to gluconic acid, the attain- 
ment of equilibrium is very slow. This type ol interconversion was first 1 * 
carried out with quinoline at 140°. Aqueous pyridine 1 ’ produces 25% con- 
version of galuctonir arid to talonir acid in 1 15 hours at 100°. Dibasic acids 
behave similarly ; muric ncid is transformed to d n-talomurie acid. 1 ’' 

It is interesting UihI this rpimerization can occur when the hydroxyl on 
carbon 2 is methylated. Doth tetramethylgluconic 5-lactone and (etra- 
mcthylgluconic 7-la clone can be converted to the corresponding mannose 
derivatives. 14 The trimrt hylxylouir lactones arp transformed to those with 
the lyxose configuration. 

The epimerization may take place through un intermediate cnediol as 
for the sugars. The epimerization of methylated derivatives might occur 

0=0 tJOH 0=0 

I 5 I SI 

ITCOIJ 0 COII 0 HOC1I 0 

I I I I I ! 

since the methoxyl oil carbon 2 is not involved. One possible objection to 
this concept is that the postulated cnediol is also the enodiol of an osonc 
which should yield the same products mid which might be formed from 

« If. T. Bunnett and F. W. ITpsun ,J. Am. Chem. Soc. t SB, 1215 (1033). 

« E. Fischer, Her., 28, 799 (1890) ; M, 2136 (1891 ). 

11 0. F. Hcdenburg and L. IT. Orctoher, J . Am. Chew. Sac., Jfi , 478 (1927). 

m T. PoHtcmak, Natw iruBenarhaftcn, SB, 287 (1D35). 

m W. N. Haworth and C. W. Lung, J. Chem . Soc 345 (1029) . 
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aldonic acids. No osones have been obtained from such reactions, hut (he 
compounds are very difficult to isolate. 

(I. ()mr\Ii ROTATORY RELATIONSHIPS 

A number of empirical relationships between the optical rotations of 
acids, lactones, salts and derivatives have been derived. The most impor- 
tant use of these relationships is for the determination of the configurations 
of the ppimerie acids produced in the cyanohydrin synthesis. 

The configuration of Ihe hydroxyl groups on carbons 4 and 5 has a major 
influence on the rotations of lactones. The “lartone rule ' 1 in its qualitative 
form 15 stipulates that a lactone iH more dextrorotatory than the free acid if 
the hydroxyl group involved in lactone formation lies on the right side in 
the Fischer projection^ formula. The lactone will l>c more levorotatory 
than the acid if the hydroxyl group lies on the left side. Since most aldonic 
acids have only small rotations, and the lactones, because' of ring formation, 
possess fairly si rung rotations, Ihe lactones can be divided into levorotatory 
and dextrorotatory groups. Roth 7 - ami 5-lactones of gluconic and man- 
nonic acid are dextrorotatory; gulonic and galartnnie acids form levo- 
rotatory 7 -lactones ami dextrorotatory S-liWtoncs. n-Allonic 7 -lactone 
provides an exception to the rule since it has a small negative rotation 
f |nr] u — (i. 8 ) instead of the expected positive rotation. 

The differences in rotation of pairs of 7 -laetones cpimeric at carbon 2 
drwdos* the lactones into two distinct classes :*• those ^ it h molecular 
epimerir differences in the range —3400 to — 4TKKI (ribonic. arabonic, galac- 
tonic, t atonic and honinmorphous lactones) and those with differences of a 
different sign (xylonic, lyxonic, gluconic and mannouic lactones). 

The configuration of carbon 2 exerts a major influence on the rotation 
of acyclic derivatives of the aldonic aeids. The phcnvlhydrazidcs and 
amities an 1 dextrorotatory when the hydroxyl group on carbon 2 lies to the 
right in the Fischer project ional formula , 17 For these derivatives, gluconic 
and mannonic acid have rotations with different signs, whereas the deriva- 
tives of gluconic uml galactonic acid have the same signs. The lactone and 
hydrazide rules are very valuable in the determination of configuration, 
especially of new aldonic acids formed by the cyanohydrin synthesis. These 
derivatives are generally used to characterize the acids and ran also lie 
employed for configurut ional identification. A similar rule also applies to 
the l)cnzimidazole derivatives 111 and to the acetylated nitriles . 111 

IB (L 8. Hudson, J.Am . Chem. Hoc., SB, 338 (1910 J; F. J. Halos and Associates, “Po- 
larimctry, rtaeeharimelry and the Sugars/ 1 p. 434; Gov’t. Printing Office, Washington 
(1942). ‘ 

” 0. S. Hudson, J. Am. Chem. Soc . , ff/, 1526 (1939). 

it CL M. Hudson, J. Am. Chem . Soc . , 39 , 462 (1917); 40 , 813 (1918). 

1(1 X. K. Kiclii my er and CL 8. Hudson, J. Am. Ohm . Soe. t ILf, 1612 (1942). 

" V. Dftulofeu, Natvre, 7.1/ , 548 (1933). 
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Normally the alkali salts of the aldonic acids are slightly more dextro- 
rotatory than the free acids, when the hydroxyl of carbon 2 lies on the 
right.* 0 This correlation might be considered to he an extension of the 
liydruZide rule. The lead sails present an exception, apparently Want*; a 
complex is formed Iwtwwn the lead ion and the hydroxyl on carbon 2, 21 
The lead saltK arc acidic in contrast to the normal type. The rotatory dis- 
placement in relation to the calcium salts is lcvorotntorv when the hy- 
droxyl of carlxm 2 is on the right, 

r. Reactions op thb Aldonic Acids 

The aldonic acids show the reactions typical of aliphatic organic acids. 
Their aqueous solutions have a pH of 2 to 3. The free acids aw soluble in 
water and slightly soluble in ethanol ; they are more aolublr in nonpolar sol- 
\ents than the sugars, and less soluble than the lactones. Various salts can 
he formed ami their utility depends upon the nature of the acid, (iluconic 
and gulactonir acid, formed by the acidic oxidation of lactose, can lie 
separated by the use of cadmium suits. Cadmium galactonate is less soluble 
in water than the gluconate; idler removal ol the former, the gluconic acid 
is isolated as the typical ralcium salt. Some metallic salts are unstable; 
mercuric gluconate decomposes easily into free mercury, the mercurous 
salt, urabinose and carbon dioxide. Hie use of lead salt 1 * for separating 
epimerir acids is descrilied on p. 117. 

The mituie of the cation may iulluence the reactivity of salts greatly.-*' 
Thus, cadmium D-rihonatc can l>e acetylated in 85% yield, but other salts 
give smaller yields: ammonium salt, 40%; potassium salt, 25%; calcium 
salt, 22%; and barium salt, 4%. 

Ksters of uldonic acids are prepared from 6-lactones, but not from y-lac- 
loncs, by reaction with alcohols in the presence of hydrogen chloride or of 
the free aldonic acid. 22 ’’ Hut the acids may be recrystallized from boiling 
methanol w ithout esterification taking place. 23 At the melting point, ethyl 
nianuonatc is converted to the 7-lactonc with the loss of ethyl alcohol. 

Toward alkali, the lactones am less reactive than the aeids. A solution of 
free acid can be neutralized with calcium carbonate or barium Iwiizoule. 
Sodium carbonate reacts with the 6-lartonos and an excess ol sodium hy- 
droxide with the 7-lactones. 

The amides of the aldonic acids can be formed readily by the action of 


1\ A. Leveno, J. Biol. Chm «, 145 (1915) ; I\ A. Levene amt C. M. Meyer, ikirl . 
W/,623 (1917). 

« If. H. label 1, J. It tutor ch Sail. Bur . Standard *, 14, 305 (1935). 

«» k. Ladonburg, M. Tifthlcr, J. W. Wellman and It . 1). Babaon, J. Am. Chrm Sue., 
tiff, 1217 (1944). 

Mb Bee: O. F. Hedcnburg, J. Am. Chem Sue., 37, 345 (1915) 

» K. Rehorat, Ber ., 63 . 2279 (1930). 
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liquid ammonia on the lactones. 1 * These derivatives arc often crystalline 
and ore useful for the characterization of the acids. The phenylhydrazides, 
prepared by reaction of acids or lactones with phenylhydrozine, can bo con- 
verted to the fret* acids or lactonpR. Hydrolysis of hydrazides by alkalies is 
often slow or incomplete. Boiling copper sulfate solution gives a 90% yield 
of mannonic lactone, and the phenylhydrozine is oxidized to benzene and 
nitrogen. 21 Nitrous acid has lieen used to convert hydrazides to the lac- 
tones." 


OrVHKII. OCNi 00 1 

I _ I ! I 

II C'OII IICOII neon o 

I III 

The aldonyl chlorides can be prepared 27 by treatment of acelylated 
nldonic acids with PC1 5 . These chlorides are used for the preparation of 
open-chain derivatives of aldoses by catalytic reduction with hydrogen in 
xylene solution. 28 Kcto acetates with one carbon atom more than the 
ahlonyl chloride arc formed by the action of diazomethane. Acetic acid re- 
moves the diazo group. In this manner i, -fructose was made from 
L-arabonic acid. 29 


Cl 

I 

r=o 

| CHiN^ 

IICOAr 


U1TN j 

I 

r=n 

I 

IICOAc 


( ' 11.011 

I 

0=0 

lUMr _ I 
Cu(0Ar)a IICOAc 


+v. 


The action of TlHr on the diazo compound is similar to that of acetic acid 
and a 1-bromo kcto acetate is formed. Silver oxide causes a rearrangement 
to a 2-desoxy aldonic acid. 80 


CHN* CiOOH 

i i 

0=0 cm, 

| H-H.o I 4Ni 

HCOAc IICOAr 


14 J. W. E. Glattfeld and D. Macmillan, J. Am. Chem. Soc., 66 , 2481 (1934). 

*R.M. HannaudC. S.lludson,/. Am Chem. Soc , 56 , 057 (1934). 

M A. Thompson and M. L Wolfrom, J. Am. Chem. Soc 68 , 1509 (1946) 

%t R. T. Major and E. W. Cook, /. Am. Chem. Soc., 68 , 2477 (1036) ; M. h. Wolfrom, 
R L. Brown, and E. F. Evans, ibtd , 66, 1021 (1943). 

*" E. W. Cook and R. T. Major, J. Am. Chem Soc., 68 , 2410 (1936). 

11 M. L Wolfrom and A. Thompson, J. Am. Chem. Soc., 68 , 791 (1946). 

* M. L. Wolfrom, 8. W. Waisbrot and R. L. Brown, J . Am. Chem. Soc., 64, 1701, 
2329 (1942). 
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Reduction of thioesters to aldoses can he carried out by catalytic hydro- 
genation methods. (See also p. 117.) Thun, ethyl thiol-o-ribonate tetra- 
acetate gives oWe/iydo-D-ribose tetraacetate.*' 


a 


0=0 + R8H 

I + pyridine 

ncoAf 


SR 

I 

0=0 

I 

HCOAr 


+ 2H, 


SR 


C=0 

I 

HCOAr 


+ pyridine -H Cl 


11 

I 

0=0 

I 

TICOAr 


+ Mil + ftS 


By catnlytic hydrogens lion, nldonir esters and lactones are reduced to 
glykitols.” The reduction of lactones lo sugars by sodium amalgam was 
introduced by Fischer and has iicen extensively employed for the purpose 
t«ee Chapter III ). Esters, but not the fne acids, urc reducible. In order lo 
obtain maximal yields, the acidity must be maintained in the range 3 to 3.5. 
The temperature should be kept lielaw 15°, and a minimum of 2.5 equiva- 
lents of sodium are required (theory, 2).'* 

B. Saccharic (Aric) Acids. 14 The snrcharic acids are polyhydroxy di- 
carhoxylie acids, HOIK’ — (CIIOH), — COOH, and are generally obtained 
from the sugars by the action of strong oxidizing agents. Several of these 
acids, tartronic, erythraric, xvlaric, allnric and gulartaric, are optically in- 
active. The acid salts are often used for characterization, because of then 
low solubility in water. Mannaric and glucaric acids show abnormal be- 
havior in alkaline solution, with rearrangement to enolic forms. Com- 
mercially, the acids, especially thrcaric and glucaric, have been utilized fur 
the preparation of salts of therapeutical importance. 


a. Tartronic and Malic Acid 

Tartronic acid, I100C— C1I (Oil ) — COOH , or hydroxymalonir acid , may 
be considered as the simplest of the uric acids. It has been obtained by the 
oxidation of glucose or fructose with hydrogen peroxide and ferrous sul- 

11 M. L. Wolfrom and J. V. Karabiuns, J.Am. Ckrtn.Soe., 88, 1455 (1046). 

•» J. W. E. Glattfeld and A. M. Htark, J. Am. Chem. Sor , 68 , 753 (1937). 

*i N. Rpcrber, H E Zwigg and W. M . Sandslrom, J . Am. Chem. Soe., 00,915 (1947). 

•• The term "aric" is used with Ibc normal configuralionalprcfixjthe tartaric acids 
are thrcaric or erythraric acids, niurir aciil is galaelaric acid, and pli/co-Boecharic 
acid is glucaric acid. The name \ylarir arid is much shorlci than e yio - triliy rlr uxyglu 
taric acid. For an additional discussion below and Chapter I, particularly Table 
V. In the percent text both forms are used, but the new usage is preferred. 
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inte. u It is also tunned by the cyanohydrin synthesis from glyoxyhc acid.* 
The oxidation of glycerol gives only small amounts of this acid. 

HOOO — CIK) + IIC'N -» IIOOU— CH (Oil)- -CN - UOOC-CH(OH)- OOOH 

Malic acid, 1IOOC (11, CII(OII) I’OOH, may )>e considered us a 
desoxy telluric (tartaric) acid. It occurs widely in nature hi fruits und 
berries. It is lormed by the partial reduction of tartaric acids with HI or by 
the addition of the elements of water to fumarir or maloir acid. The natural 
srid is lcvorotntory in dilute solutions, but the rotation Itecomes positive 
with increasing concentration. This effect has also been noticed with l- 
tRi'turir (ij-threaric) acid. 

b. Tktrawk Acids (Tartaric Acids )* 7 

These* acids exist in tour terms: 

ii-Thiearic acid (i.-turtaric acid) 
u-Threuric acid (D-tarturic acid) 

D,i.-Thrcnric acid (D,i.-tartaric or racemic ncid) 

Krythraric acid (i/icso-tailaric acid). 

l.- 'i'll re iii'ic acid occurs naturally as the mono potiioMum salt, es|M*ciall,> 
m the juice of grapes. The sodium-potassium salt (NuKt'iILiO. tlljO) is 
know n as Rochelle salt and the potassiiun-autimonyl salt (K(SbOK\ll|0, 
in,o) as tartar emetic. The o-ucid t-nn lie obtained from llu? racemic 
mixture by resolution of the cinchonine salts.*" The n-ghico-D-pi/fo-hcpto- 
Lieiizimidnzolp forms a salt with L-threnric arid that allows of the resolution 
of the D.ir-fonn. 11 Pasteur originally resolved this fonn hy meehanieal sep- 
aration of erystals of the sodium-ammonium salt. 

The D,L-raeemate and the inactive isomer mv formed lrom the L-acul b> 
heating w T ith water at 150° to 170 c . Heating with alkali has the same effect , 
but the yields of (he two produetH vary according to conditions. 10 Separa- 
tion is effect ed on the basis of the much greater solubility of the potassium 
hydrogen sid l ol the mesa acid (8% in water at 19°) compared with that of 
the racemic acid (0.5% in water at 19°). Oxidation of funutrir acid with 
chlorates ami OsO t produces the n,L-form, whereas the meso isomer is 
obtained from maleic arid. 41 

1 (’ F ( *i osh. K J. He van and 0. Smith, J. Chem.Sifc.. 75. Hi!) (1898). 

41 ('. Hot linger, Bet H, 720 (1881) 

s? Tho I'omnion form of designation ol these acids is to use d aud l (or the sign ol ro 
tatiun railiei than i« and n y respectively, for indications ol configuration. Fin further 
discussion, see p 40. 

« W.Markwald, ffer., *0,42 (1897). 

*■ W. T. Haskins and C. S. Hudson, J. Am. Chem. Sot - , 61, 1266 (1939). 

40 Sec: “Organic Syntheses, 11 Collective Volume 1, 484 (1932); “Beilstoins Hand- 
huck der nrganischen Ckeinie,” vol 5, p. 528 (1921) 

11 N. A. Milas and E. M. Terry, J . Am. Chem. Boc., Jfl, 1412 (1925); G. Braun, ibid., 
51, 247(1929). 
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The optical rotation of L-threaric acid in water is positive at high run 
rent rat ions hut drops with dilution and finally l becomes negative. Complex 
funnation with sails. borates and molybdates affects the optical rotation 
greatly. Rotational values in alcohols are very low. 

The heating of L-threaric acid above 100° forms an anhydride; initially, 
gummy materials are formed as a result of external condensation and 
finally at 170° an insoluble anhydride is produced. 

The solubility of the monopotossiuin salt of the d , L-racemic acid differs 
little from that of the L-arid, but the solubility of Ihe calcium salts differs 
sufficiently to allcm a separation. 4 -’ 

The tartaric acids are formed by the oxidation of hexosc sugars and of the 
keto acids. (See under nitric acid and alkaline o\vgen oxidations, par- 
ticularly.) The L-isomer has been rerovered from grape 1 residues by con- 
centration on a basic ion-exchange resin. 41 

r. Pent a hi v isD Hexariij Anns 

The lour pentane acids and ten hexuric acids are: 

Pentane (Hydroxygl'itarii < Vmls 

Xylanc (nicso) * .r//to-Lrihj dro\j glulum 
Kiljurie (meao) - ri6o-trihydn»\yKlutaru‘ 
a and L-Arabam = n- and L-lyxarir 

— it- and L-arabfj trihydm\vidiitnri • 

IlexArio Acids 

d- and l Mannanr -- u- and L-MMUiMi-aacrkam* 
i> and i.-Ciluearie = u- and L^Mffi-aaffhftric 
■= h- and D-gularii 1 

n- and i/- Id arir -* n- and L-ida-sacrhaJic 

i>- and n-Talarii 4 -=> i> and L-lalomuoic 
-» n and L allrario 
Allanc (menn; ■- allrm.uoie 
(ialactarie (mesoj « nnuic 

The pentarie ( hyilrovyglut urie ) aeiilh ai*e important priiminlv as ref- 
ervnee compounds in structural proofs. They can Im> prepared by oxidation 
of the corresponding pentoses with nitric acid. 

Several of the hexaric acids arc of especial interest, f ialactarie (mucic) 
acid has a low solubility in water, and its formation by Ihe nitric acid oxi- 
dation of galactose is used for the quantitative determination ot galactose. 
Its formation by bromine oxidulion is considered satisfactory evidence of 
Ihp presenee of galncturonie arid. The acid can be prepared on a large scale 

u A.Holleman.tftr /roe r/nni , 17 . ft» (1R98); J.M. Albahary.C'omjS rend , JU, 1282 
(1907). 

« J. K. Matcheti, Ind. Eng- Chm., 38 , 851 (1M4). 
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by the nitric acid oxidation of galactans prepared from certain woods. 44 
It is interesting that acetylation increases the solubility of galaclaric acid 
in water. Ammonium galactarate (mucate) forms pyrrole when heated. 

In contrast to galactaric acid, D-mannaric and D-glucaric acids are 
appreciably soluble in water. Glucaric acid is best prepared by the nitric 
acid oxidation of starch ; yields as high as 05% ore obtained in contrast to 
much lower yields from glucose or sucrose. 46 This arid is generally char- 
acterized its the potassium acid salt or silver salt 

The saccharic acids do not reduce Fchling solution but will react with 
ammoniaeal silver nitrate. However, the dilactoneH of mannaric and 
glucaric acids show an unexpected reducing action with Fehling solution. 44 
This same behavior is shown with the monocster monolactones of glucaric 
acid. The monolactones do not show this behavior. The alkali cleaves the 
lactone ring and the necessary hydrogen atom is provided from the neigh- 
boring carbon atom rather than from the solution, llronic acid lactones 
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behave similarly. The resulting enol is the rnolir lactone of a 4-dcsoxy 
5-keto dibasic acid related to the ascorbic acids. These enols react with only 
a small amount of iodine, in contrast to the behavior of the ascorbic acids. 
However, four atoms of chlorine are taken up, whereas the ascorbic acids 
react with only half of this amount. In alkaline solution ozone attacks the 
double bond, forming oxalic acid and eit her erythruronir or threuronic acid. 

The saccharic acids can be used os shirting materials for other carbo- 
hydrate products. Epimerizations can be carried out with pyridine as with 
the aldonic acids. Galactaric acid is converted to D,L-talaric acid. The two 
monol&ctoncs of D-glucaric acid are reduced by sodium amalgam to different 
products. The 3,G-lactone (IV) forms L-guluronic (V) and D-gluconic 
(VI) acids, and the 1 , 4-lactone (I) forms D-glucuronic (II) and L-gulonic 
(III) acids. 47 The tw o lactones con be obtained from glucaric acid solutions 
by seeding with the proper nuclei. 

44 A. W. Srhorger, U. S. Patent 1,718,837, June 25, 1929. 

45 See H. Kiliani, Bcr , 58, 2344 (1925) ; 0. T Srhmidt, H. Zeiser and H. Dippold, 
ibid., 70 , 2402 (1937). 

44 See: F. Smith, Advances in Carbohydrate Chem., % , 101 (1946). 

47 M. Sutter and T. Reichstein, Eelv. Chim . Acta, 51, 1210 (1938). 
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C. Uronic Acids. 

a. Preparation and Occvhuknck 

The unniir aeids may lie defiued h* carbohydrate derivatives possessing 
lioth aldehyde (or hemiaoclal) and carboxyl groups. The formulas for the 
three naturally occurring acids arc given below 

nio riro rno 

I I 

neon noon ucoh 


hoch norii iiooh 

I I I 

HCOH II COH HOCH 

I I I 

HCOH llCOH HCOH 

I I I 

coon coon oooh 

D-Cilururonir nrul I) Mannunmio acid i> ( inlurturonir and 

llie uronic acids biologically arc very important. A,- shown in Table II, 
they occur as important building units in many polysaccharides particu- 
larly pectins and alginic acid (Hiapters XII and XV). One, glucuronic acid, 
serves as a detoxifying agent in mammals, and some poisonous substances 
are eliminated in the urine as glururonides (see Chapter XI). 
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The isolation of uronic acids from polysaccharides is not easy. Some of the 
linkages are very resistant to acid hydrolysis. Sulfuric ac.d (4%) at 120° 
for 10-24 hours 48 is often required. This harsh treatment may decompose 
the products considerably, and the yields are generally low. Cold 80% 
sulfuric acid 49 and 3% oxalic acid 141 at 100" have been used for the hy- 
drolysis of alginic acid. In the pectin field, enzymatic hydrolysis has been 
used for the isolation of galacturonic acid ; the procedure is very mild and 
excellent yields are obtained. 

Table 11 

Natural Occurrence of Uronic Acids 


D-Glucuronic Acid 

1. Urine of animals. 

2. Mucopolysaccharides (Bee Chapter XV). 

lleparin faith n-glucosamine and sulfales) 

Chondroitin sulfate (with N -aeetylchondrosamiue and oul latch) 
Hyaluronic acid faith N-aretyl-u-glurosaniine). 

Type II pneumororrus specific polysaccharide (with glucose and ihaiiinuse) 
Type 111 pncumocnrcuB specific polysaccharide faith glucose) 

Type VIII pneumococcus specific polysaerharide faith glucose) 
Azotobactn and Rhuobia capsular pol> saccharides (with gluroBc) 
Fnedlunder’B bacillus pulysaccharides faith glucose) 

Cytophagae polysaccharide faith glucose) 

3 Gum arabic 

4. tiaponins, glycosides and oligosacchaiides of certain types 

5. Various woods as monomethyl ethers (?) 
n-Galacturonic acid 

1. Pectins and pertic acid. 

2. Type 1 pneumococcus specific polysacchande. 

8. Flax seed mucilage and mucilage of slippery elm 

o-Mannuronic Acid 

1. Alginic acid from sea weeds, as the sole constituent 

Two general method* for the synthesis ol uronic acids have been de- 
veloped: (1) the reduction of the monolactones of saccharic acids, and (2) 
the oxidation ol primary alcoholic groups of sugars or derivatives. The 
monolactones of dibasic acids can be reduced by sodium amalgam in acid 
solution. ofaco-Saccharic acid was converted to glucuronic acid, but the 
maximal yield was 20 %. 51 This method was later applied to the reduction 
of manno-saccharic acid to mannuronic acid, and of allomucic acid to the 
corresponding uronic acid. K 

41 E. Anderson, F. H. Russell and L. W. Seigle, J.Biot . Chem , 113 , 383 (1936). 

41 C. L. Butler and L. H. Cretcher, J. Am. Chem . Soc 61 , 1914 (1929) 

m W. A. G. Nelson and E. G. V. Percival, J . Chem . Soc , 58 (1942). 

41 E. Fischer and O. Piloty, Bet , 34, 522 (1391). 

11 G. Niemann and K. P. Link, J. Biol CAsm., 100, 407 (1983) ; G. Niemann, 8 Kar- 
jala and K. P. lank, ibid., 104 , 189 (1934) 
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Unsubstitulod primary alcoholic groups of derivatives of mi gam have 
been oxidised to carboxyl groups. Glucuronic acid has liecn prepared from 
1 ,2-isopropylidone-3 ,5-benzylidene-ghicoturanose by tho action of alkaline 
permanganate and the subsequent removal of substituent groups.** The 
oxidation of 1,2,3,4-tetraacetylglucoBe with peimanganate in acetic add 
serves a similar purpose. 11 1 ,2,3,4-lMisopropylidene-galaetose 1 * can be 
oxidized with alkaline permanganate or the 1 ,2, 3, 4-tetraacetate can be 
used as in the case of glucose. For the preparation of D-inunnuronie acid,** 
methyl 2 ,3-isopropylidene-a-D-manm^ide has been oxidized with alkaline 
permanganate or the methyl 2 , 3 , 4-t ria cetyl-a-D-mannoside with permnnga- 
nato in acetic acid. In the first inst ance, the unprol ected hydroxyl on carbon 
atom four is not attucked. 

Methyl a-D-inannopyrunosiile lias lieeu oxidized with Bu(OBr)* at 3° 
lor 1G to 20 days and u 12% yield of methyl a-mannuronide obtained. 11 
Methyl a-ghicopyranoside has been converted 6 * to the uronide in yields as 
high uh 30% by the action of hydrogen peroxide with ferric salts as cata- 
lysts. Several other oxidations of glycosides have been reported, but the 
yields were very low. Oxidations with nitrogen dioxide seem particularly 
suited for this purpose (see under Nitric arid oxidations). 

Uronic acids of the pentose scries have been prepared by the oxidative 
degradation of amides. Mucic acid inonoamide con lie converted by the 
action of hydrogen peroxide and iron salts or by hypobromite to the 
corresponding lyxuronic acid.** The acids were isolated as the phenylosa- 
zone-phenylhydrazides or os the tetraacetates of the amide. 

The action of bacteria on glucose leads to the formation of an easily 
reducing acid, tentatively identified as L-gulurnnic acid.** It would seem 

M L. Zervu and P. Sessler, Her., 88, 1326 (1933). 

61 M. Stacey, J. Chen. Soc., 1529 (1939). 

* H. Ohle and Gertrud Berend, Btr., 88, 2585 (1925). 

" R. G. Ault, W. N. Haworth and E. L. Hint, J. Chem. Soc., 617 (1936) ; M. Stacey 
and P. 1. Wilson, ibid., 587 (1944) 

* K It. Jackson and C. S. Hudson, J. An. Chon. Soc., 89 , 994 (1937) . 

“ K. Smolensk), Kocmikt Chen., 8 , 153 (1624). 

■ M. Bergmann, Btr., 6h, 1362 (1921). 

** K. Bemhauer and K. Irrgang, Bioehon. Z., 890 , 860 (1986). 
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that microbial oxidation should receive additional study as a method for 
the preparation of uronic acids. 

The identification of the uronic acids is difficult.' 1 The alkaloidal salts 
frequently are used ; cinchonine and brucine have value for glucuronic acid. 
Various hydrazines liavc been used to prepare derivatives, but often the 
products are complex, for hydrazides, hydrazones and osazones ore formed. 
A common method of identification is to convert the uronic acids by mild 
oxidation to the dibasic acids. 

When hcMironic acids are boiled with strong acids and naphthoresorrinol 
a blue color is formed. This reaction has been developed into a quantitative 
method.' 2 The coloring matter formed is extracted with benzene and 
determined photometrically 

b. Ai.noinruoMC Anns 

An aldobiuronie acid (I)" may lie defined ah u disaccharidc in which one oi 
the sugar components is a uronic acid linked in glyrosidic union to a 
hexose or pentose unit, Conceivably a disaccharidr could exist which 
would contain a uronic acid unit with a glycosulir linkage at the hexose or 
pentose portion, as in IT below, but compounds of this type are not known 
at present. 

Aldobiuronie ucids are readily isolated because of the strong resistance 
of the biuronie linkage to acid hydrolysis. Whereas 4% acid at 100-120° is 
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" See K Andrison and L Sands, A dimnrmn Carbohydrate Chem , 1,329 (1945); M 
Stacey, ibid., 1 , 170 (1916) 

“ 8ee:B.W F. Hannon, C. T Mills and It T Williams, Biochem J., 38 , 274 (1944); 
E. M. Knapp, J Biol. Chem., JS4 , 145 (1940). 

11 The term aldobiomc and is prevalent, but its use for this type nf compound is 
not a happy rhoicc, foi it may be ronfused with the names of oldonir arids of disae- 
chorides such as eellobionie arid 
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often used for the isolation of uronir acids, 0 ’Dwyer 4 ** isolated an aldo- 
biuronir arid from oakwood hemieellulose by the action of 1% Rulfurie 
arid at 100 8 . This resistance to hydrolysis may explain the occurrence of 
uronides in soil. Some 10-15% of the organic carbon in surfare soil appears 
to be combined uronir acids, and the amount increases with the depth of 
the soil. 44 

Tabi.k III 

Sources oj Aldobiuronic Acids 

Name | Sounc 

A. Aid obi uronir Acids from Bacterial Polysaccharides 

Glucuronos.vl glucose" n Type III pneumoenrrus specific 

J polysaccharide 

Glueuronosylgliiroge*' Type A Friodlander's bacillus 

O-Glucuronosylglucose" (Gentiubiuronir acid) Synthetic 

B. A hlobi uronir Acids from Gums mid Woods 

2-(ialacturrmopyranngyJrhamnosp M | Flaxseed mucilage 

O-0-Glururonosylgalart imp f0m 74 Gum arabic (gum acacia) 

Galarturnm>sylrhnmnoso ,fc Mucilage nf slippery elm 

Arid composed of xylose and mp1h>luronic Oakwood 
acid 7 " 

Acid composed of xylose nml glucuronic I Cottonseed hulls 
acid 77 I 

Aldotriuronic acid composed of t w n xylose Cottonwood 
and one melhyluronic acid units’ 1 s 
Acids composed of one to 1 lirce gal art ohc and Mchijuite gum 
one mcthylglururonir acid units 71 

II. O'Dwvcr, Biochcm 28, 2116 (1034) 

84 A. G Norman and W V . Hai t holmncw , Soil Sci , 60, 1 13 (1043) . 
h ' M. Ileidelhcrgei and W. F. Goebel. J Biol ( 'hem , 74, (113 (1027) 

»1I.I) Hotchkiss and W F Goebel. J Biol Chi m , 1 15, 2So (1036) 
h, M Ileidclberger and W F Goebel, J. Biol Chm , 74, H10 (1027) 

11 K. Anderson and J \. Crowder. ./ Am. Chim $ »r , 62, 3711 (1030) 

81 R. H. Tipsnn, G. C Christman and P. A Levene, J. Biol Chcm., 128 , 609 (1030) 

70 M, Heidelberger and F. E. Kendall, J Biol, ('him., #4. 039 (1020) 

11 (’. L. Butler and L H Cretcher, J. Am ('him Sue., 61 , 1510 (1020) 

78 S. W. Chnllinor, W. N. Ilawortb and K L Ilirst, J . Chm Sor., 258 (1031) 

78 W. F. Goebel and R E. Beeves, ./, Biol. Chm., 124 , 207 (1038) 

74 P. A. Levenc ami R. S. Tipson, J Biol. Chm , 12B, 345 (1038) 

78 E Anderson, J Bwl. Chnn , 104 , 168 (1034) 

78 M. H. O’Dwyer, Biochcm. J , 28, 2116 (1934) 

77 M. H. O’Dwyer, Biochcm . ./ , 20, 664 (1926) 

,B E. Anderson, K B. Kaster and M. G. Si'elry, J. Biol. Chem 144, 77J (1942) 

71 E. Anderson and L. Otis, J. Am. Chm. Hoc., 62 , 4461 (1930) 
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In Tabic III the various known aldobiuronic acids are listed. Wood 
hemioelluloses, plant mucilages, gums, and bacterial polysaccharides provide 
the natural sources. In addition several have been synthesised. Extreme 
interest lias been evidenced in the bacterial products because of their re* 
lationahip to immunological properties. The most thorough work on 
structure lias lieen done on the acid obtained from gum nrabie. 

Aldohiunmic acids represent the penultimate stage of hydrolysis of the 
polyuronides. The action con be Btopped at earlier stages. Aldotriuronic 
acids have lieen obtained. From menquite gum, arids representing several 
stages of hydrolysis were isolated. 71 The aldobiuronic acid contained a 
galactose and a methylglu euron ic acid unit . At lesser degrees of hydrolysis 
two or three galactose units were present; products of still slighter extents 
of hydrolysis contained four units of L-arabinosp and three of galactose in 
addition to the uranic arid. 

Oxidation of on aldobiuronic acid with bromine under nonhvdi olytic 
conditions produces a dibasic acid in which the new carboxyl is funned 
from the original hexose or pentose unit. This is shown by llie tact thui 
such an acid (when the reducing portion of the original biuronii acid itt a 
liexose) will form the same amount of furfural as the original acid under the 
action of 12% HQ. Evidently, the glycosidic linkage is formed imm the 
hcmiocetol group of the uronir acid. Oxidation with bromine under hydro- 
lytic conditions produces a dibasic and on aldonic acid and allows identifica- 
tion of the two units. 

r. Reactions of Ukonh Acids 

One oi the most important reactions oliserved with uranic acids is llic 
decarboxylation caused by heating with strong acidH (usually about 12% 
hydrocliloric acid). The quantitative evolution of one mole of carbon 
dioxide was first observed by Tolleus and Lefevre 1 * and has lieen de- 
veloped as an analytical method by many workers. Tlie formation ol the 
carbon dioxide is quantitative according to the following equation 

• C,1I,0, -1 CO, h R 11,0 

The litx a ratioii ol cartion dioxide has ulso been observed for nonuronie 
carliohydratcs, hut the evolulion is generally very slow." 1 

The mechanism of the decarboxylation is not well known. The above 
equation is not entirely rorrect, for the maximal yield of furfural ((’iHtOi) 
is only about 40% It is unlikely that the reaction proceeds through the 
formation of a pentose. Pentoses have never been isolated from sueh a 

" K. U. Lefevre and I). Tollens, But., Ifi, 4513 (1907) 

11 See: li. L. Whistler, A. R. Martin and M. II arris, J . Itutarek .Vail. Bur. Stand 
artU, 44, 18 (1940) 
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reaction, when the decarboxylation is conducted under mild conditions 
such that any added pentose could be recovered." Also, in the case of 
arabinose, the actionof boiling 12%hydrochloric acid causesa70to80 r \ con- 
version to furfural , but in < he case of gulacturonir acid only 42% furfural is 
obtained. 

2-Kcto and 5-kelo aldonic acida olao give carbon dioxide and furfural 
(nee below ) in yields similar to those for the uranic acids. However, as- 
corbic acid, as discussed later, gives a very high yield (above 80%) of 
furfural. “Beduetic acid”, an enolic substance similar in structure to the 

i I 

ni. cn, o=<; -c=-o 

i : 

OH OH 

ascorbir urids, 1ms been moisted®* by the action of strong acid on pentoses 
and uranic acids. It is conceivable that decarboxylation and furfural forma- 
tion proceed through an euolic intermediate of this type. The conversion 
of 2-kcto acids to the ascorbic acid analogs is always accompanied by some 
furfural formation. 

The aldobiuronic acids liberate carbon dioxide and lonn furfural in a 
manner similar to the uranic acids. With polysaccharide materials the 
formation of carbon dioxide is considered very Htrong evidence for the 
presence of uranic acids. The evidence for a biological formation of pentosan 
material by the decarboxylation of uranic acid groupings is very weak, 
however, for some polyuronide materials contain both aruhinofumnose and 
gnlnctopyranobe units (see Chapter XV). 

The presence of both aldehydic and acidic groups in uranic acids allows 
the formation of numerous types of derivatives. Pheuylhydrazino will 
form hydroxides, hydrazoues and osozones. The action of ueidic methanol 
leads to the ioimation of the ester of the glycuronide. Rato studies have 
shown that the esterification reaction is 25 to 55 times as fast as glycoside 
formation, in the ease of gnlacturonio acid. 84 Reaction for DU hours at 0° 
gave a good yield of the pure rater of methyl glueuronide. If the unesterilied 
glycoside is drainxl, the ester grouping can he hydrolysed with alkali anil 
cillicr the uronidc or the urouide salt prepared. 

All three natural uranic acids have been isolated as the free adds in crystal- 
line form, Glucuronic acid is known only us the beta form, whereas the 
other two exist as alpha- and beta-pyranoid forms. The crystalline y-lac- 

« C M. ('on rad, J. Am. Chem. Soc., 53,2282 (1931). 

" T. Beiehstein and K. Oppenauer, Heh. Chim. Acta, in, 938 (1933) , 17, 3U0 (1934) 

« K. 1\ Jansen and R .lang, J . Am Chem. Soc., 08, 1475 (1946). 
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tones of glucuronic and mannuronic acid have been prepared, and are 
known bb glucurone and mannurone. 
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The action of acidic methanol on glucurone leads to the formation of 
pyrunoside and funuioside derivatives w In I he cold, the methyl funirono- 
side 7-lactone is formal. This product can 1)4* changed by the action of hot 
methanol-TI(1 to the pyruronoside methyl ester. It is interesting that the 
fururonoside lari one reduees Folding solution and has an abnonnal ab- 
sorption cum' in alkali. These reactions have been attributed to the pres- 
enee of two five-inembered rings, one of which splits with the formation of 
ends as has been noted for the dilnetones of saccharic acids (see p. 302). 

D. Keto Aldonic Acids. The keto aldonic acids of the hexose series nre of 
the 2- and 5-keto types. The 2-kcto acids have been railed osonic acids be- 
cause of their preparation by the oxidation of usones. The 5-keto acids have 
been termed ketiironic acids, uronic acid* related to ketosc's, whereas the 
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"L.X.Owpii v H Feat and W.J.U Junes, J. Chew. Soc., m (1941). 
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nonnal uronir aeiils are alduronic acids. Doth types of keto acids show a 
great similarity to uronic acids in their color reactions and in the property of 
decarboxylation on heating with acids. The 2-kcto acids, however, show a 
distinct difference in their ready enolizatinn to ascorbic acid analogs (see 
page 314). In this discussion, the term uronic acid will be reserved for the 
nldunmir acids. 

2-Ketogluconic arid has liecn isolated from a polysaccharide occurring in 
IriKh moss,* but no other similar product has been found in nature. Doth 
2-kcto- and 5-keto-gluconic acids have been prepared by the action at 
bacteria. 

A number ol methods are available for the synthesis of 2-kelo acids. 
Gluconic acid methyl ester can be oxidized 1,7 with NaClOi and V*0* 
(sec also under Halir acid oxidations). Similar reactions produce the corre- 
sponding 2-keto ueids of galactose, gluroheptose and galnheptnse. Galact- 
osazone is oxidized by bromine to 2-ketogulaetouic (or galuetosouic) acid. 11 
Similarly, mnltosazonc is converted to the 2-ketomultobionic arid. “Betn- 
diaoctoiiefnirtose” is oxidized by potassium permanganate to diisopro- 
pylidine-2-ket oglu runic acid. 89 Careful oxidation of unsubstituted ketoses 
with nitric acid lias been partially successful. Bacterial action on glurosv 
lias given 81 ’ yields as high as 80% of the 2-kcto and (see later in this rhap- 
ler). Finally, direct synthesis of 2-keln-L-erylhronie acid from 2-hydroxy-3- 
butoiionitrile in a series of steps has been reported.’ 1 

The 5-keto acids have been prepared by three general melhods. Bacterial 
oxidation of glucose gives a 90% yield of 5-ketogliironir arid. 11 5-Kelo-L- 
gulaetonir acid boa been formed from n-gulact uronic acid by the action of 
calcium and strontium hydroxides, 88 hut barium hydroxide gives different 
strongly reducing products. Glucuronic acid appears to behave similarly. 

The pormangunate oxidation of diisopropylidenctagutose leads to the 
formation of 5-krtogalartonic acid. 81 

The keto acids show some similarity to ketoses in their behavior toward 
oxidizing agents. 8 * 5-Ket ogolaetonic arid is not affected by bromine water at 
15 20°. it reacts with sodium hypoiodite hut only onr atom af iodine is 

IS. G. Young and F. A II. But, J Biol. C him . 164, 35 (1046). 

■ 7 P. P. Rcgna and B. P ('aldw ell. J Am Chon Sor , 66, 243 (1944). 

11 T. Kitasato, Biorhim. Z , 207, 217 (1020). 

*• II. Ohle and H. Wolter, Btr., IIS, 843 (1930). 

'• J. J. fitublm, L. B. Lockwood, E. I Rim*. B. Tabcnkin and G. hi. Ward, Ind. Eng. 
Chetn., Si, 1626 (1940). 

71 A. Th. Kurhltn, Ret. Irav. ehun , 42, 705 (1030). 

18 ]j. B. Lockwood, B. Tabcnkin and G. E. Ward, J . Bod., 42 , 51 (1941), 

»« F. Ehrlich and R. Guttmann, Btr., 67, 573 (1934). 

m T. Iteirhatcin and W. Bowhard, Hrlv. ('him. Acta, 17, 753 (1934) 

■ H. Ohle, Btr., 67, 155 (1934). 
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consumed; 2-ketogluronic arid does not react with this agent in the cold. 
Ilighly purified Balts of the arid reduce Fohling solution in the cold very 
slowly. A modified Benedict solution reacts readily with 5-ketogluconic 
acid; complete oxidation occurs at 25 s in 7 to 14 minutes, whereas 2-koto- 
gluconic acid, glucose, fructose, urouir acids and ample aldehydes do not 
react appreciably under these conditions." Hence, a quantitative estima- 
tion is possible in the presence of these latter materials. Quantitative 
estimation of 2- and 5-keto acids lias been carried out" 1 by the Hhaffer- 
Hartmann method; 2-ketogluoonic acid has 87% of the reducing power of 
glucose and 5-ketogluconic acid, 80%. 

The similarity of the keto aldonic acids and uronic acids has been men- 
tioned earlier. 2- Ket oglu conic acid gives a 3.1% yield of furfural in four 
hours and the 5-keto acid 12.5% , when heated with 12% hydrochloric 
acid. 17 The evolution of carbon dioxide from the 5-keto acid is quantitative. 
2-Kcto-i.-ara)joiiic acid, prepared front the osouc, loses carbon dioxide 
similarly, but the final product is not furfural but 1 ,-eiytlirose, isolated as 
the phen.vlosazone or ns calcium L-erytlironate after bromine oxida- 
tion." 

The well-known naphthoresorcinol color is slowly developed by 2-keto- 
glucunic acid in a manner resembling galaeturonic acid. 

2-Kctogluconic acid and its lactone exist only us sirups although hygro- 
scopic crystals of the former have been reported." 1 Ksters ran lie easily pre- 
pared by the action of methanol and sulfuric acid on the sodium salt. H,w 
The ester and suit muturolatc in the same direction as fructose. Ultraviolet 
alisorption spectra 1011 of solutions of the salts and acid indicate the absence 
of carbonyl or eurboxyl groups, and. for alkaline solutions, the absorption 
is typical of an cthylenic or enolic linkage. 

The keto oldouir acids have been investigated primarily os intermediates 
in the synthesis of ascorbic acids; 2-keto-i.-gulonic acid is the most im- 
portant of this series. The degradation of these 1 acids to simpler acids has 
lieen utilized. Thus, 5-keto-u-gluronir acid cun he oxidized by oxygen in 
alkaline solution with various catalysts or by nitric arid to tartaric and 
oxalic acids. 1 ,m 

5-Ketoglueoiiie acid in sirupy form is unstable, turns black in a short 
time nnd froths with the liberation of gas. 1 "" 

** W. K. Mililser, J. Biol. Chem., 164, 525 (1044). 

81 E. (1. Young and K. A. H. Pica, J. Biol. Chem., 'i>4 . 35 (1040); F. Ehrlich anil R. 
Guttmanu, Ber., 67 , 673 (1934). 

•• A. M. Gakhokidzn, J. Gen. Chem., V. S. S.R.,1 1 , 109 (1941). 

•• 11. Ohio and G. Bercatl, Her., 60, 1159 (1027). 

,M P. Nieilerhoff, Z. physiol. Chem., t8l, 83 (1929J. 

1(1 R. Pasternack and P. P. Rogue, 17. S. Patent 2,208,923, Jons 11, 1940. 

>« W. E. Barch, J Am. Chem. Noe., 66, 3653 (1933) 
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B. Ascorbic Adds . 1 * 1 
a. General Properties and Reactions 
Ascorbic acids, of which the heat known is Vitamin C or L-xyioasrorbic 
acid, may be considered as reductones (I ) or as represented by the general 
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R — 0=0— 0 — R' (I) 

I I 

no on 

formulas II and III. The compounds are characterized by an cvediolic 
System. Varying degrees of antiscorbutic activity are Rhown by com- 
pounds of this group, but only the compounds of type II, with the lactone 
ring on the right, aro active in this respect. 
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Tlie nomenclature ot the ascorbic acids is based cm the configuration of 
the osonc actually or hypothetical^' used in its preparation (see below ) , 
the portion concerned is that shown in the bracket. 104 Since carbon atom 
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,M P. Smith, Advances m Carbohydrate Chem , J, 70 (1940) 

im A better nomenclature might be to use the configuration of the asymmelttu 
caibuns actually present. Compound IV would be ii-threo-aaeorhu, acid and V, u- 
eryt/iro-ucorbic acid. 
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three is not asymmetric, dual names arc possible. For Vitamin C, the names 
are L-xylo- or L-lyxo-ascorbic arid (IV). Formula V represents D-arnbo- 
ascorbic acid, which lias *V the antiscorbutic activity of IV. 

The. ascorbic acids can be considered as enolic lactones of the 2-keto and 
3-keto aldonic acids. For Vitamin C, there apparently exists an equilibrium 
between the ascorbic acid and the 3-keto acid. The latter has not been 
isolated, but hydrazune and “osazono” derivatives have been prepared. 105 
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Under normal conditions, the 2-keto acid apparently does not participate 
in the equilibrium. The kinetics of conversion of 2-keto acids to the ascorbic 
arids has been studied. 10 " The yields ranged from 70% for the 2-kctogulonic 
arid system to only G% for 2-keln-D-galact olieptonic acid. 

Four general methods a re available for the preparation of ascorbic acids. 
The two most applicable involve the enolizaiion of keto acids; the others 
involve condensations. 

Enolization and Lactonizution of 2- Kilo Aldonic Acids. 11 * By the action 
of sodium methylate on the methyl esters, 2-keto acids are transformed into 
ascorbic acids (see Ml and VIII). The reaction is almost quantitative. 
Lactonization and enolization take place simultaneously. Heat treatment 
of an uqueous solution of the lree acid causes only a limited amount of 
conversion. Acids also act as cat alysts (h eo above) . From the acid hydrolyzatc 
of the methyl glycoside of 3 , 4-isopropylidene-2-ket o-n-ribonic acid, the 
2-kcto-L-ribonic acid could not bo isolated, because L-crythroaNrorhir acid 
was formed very rapidly. 1011 

Cyanohydrin Synthesis from ()soncs. m For this method, 3-keto aldonic 

1U ’ K. G. Cox, J4. L. Iiiral and H. J. W. Reynolds, Nature, ISO, 868 (1932). 

Mb p |>. and B. P. Caldwell, J. Am. Chem. Sor . t tiff, 246 (1044). 

10 ; K. Maurer and B. Sehicdt, Bcr., 60 , 1054 (1033) 

105 T. Reirhstein, Helv. Chim. Acta, t7 , 1003 (1934). 

mb t. Reichstein, A. Grussner and II. Oppcn&uer, Hclv. Chim . Act a, 16, 561 (1033); 
R.G Aull, D K Baird, II (\ Carrington, W. N. Haworth, Vi. W Herbert, £. L 
Hirst, K. G. V, Ferrival, F. Smith and M. Stacey, /. Chem. Soc 1410 (1033). 
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acids are formed as intermediates which are not isolated. Hie (int product, 
the nitrile, immediately enolizes with simultaneous ring formation to an 
iminu analog (XT) of the ascorbic arid, and the latter informed by removal 
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ui the imino group with dilute arid. The osnnes must be in a very pure Btate 
in order to insure a good yield of final produrt. The customary configura- 
tional names of ascorbic acids are based on this method. 

Condenxalion of Hydroxy AldehydrKmth Ethyl dlyoxalate or Mtnoxalalr. 111 
The intermediate 3-keto pster is not isolated. u-GIiicoheptoascorbir acid 
was prepared in this wav from glucose. 
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ContimnatUM of lisltrs of Hydrosy Ands . U1 Thib method is similar to the 
(laisen condensation 
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1,0 H. Ilelferich and O. IVtenj, Her., 70, 465 (1037) 

111 F. Micheel and li Haarknff, Ann., 64&, 28 (1040). 
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The ascorbic acids are weak acids as a result of the presence of the enolic 
groups rather than of the lactone ring. 10 ** 112 They reduce Fehling solution, 
and the double bond is oxidized by acidic iodine solution. The reaction 
with iodine is used as a quantitative method to distinguish them from 2-keto 
acids. The action of boiling 12% IIC1 causes the formation of furfural in 
very high yields, above 80% (see above). 

t. Vitamin V (L-XYhOABconnif 1 Acid) 111 

Vitamin C is widely distributed in nature, especially in green vegetables 
and cilnis fruits. It has been found in conifer needles, and its presence in the 
lowly potato provides an excellent dietary source for those unable to secure 
other foods. It is universally distributes! in plant tissues, normally in the 
reduced form. When the tissues are damaged, the ascorbic acid is oxidized as 
a result of various causes, including the presence of a specific ascorbic 
oxidase. The equilibrium between the ascorbic acid (XIII ) and the oxida- 
tion product, dchydrouscorbic acid, (XJ\ ) is very important to plant mid 
animal life. 114 The ascorbic acid apparently l unctions as a hydrogen carrier. 
In rabbit liver 27% of the total aciil has been found in the reduced form 
and in muscle tissue, 30%. Fresh human milk contain** unlv ascorbic acid. 
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The 2,3-diketo-ii-guionic acid (XV) is ionned spontaneously on dissolu- 
tion of dchydrouscorbic acid fX I V J . 116 In contrast, ascorbic acid is a weakly 
acidic substance and has little tendency to hydrolyze. 

Ascorbic acid is very sensitive to oxygen, especially in alkaline solution, 
and to acidic iodine. The enolic grouping can be split by hypoioditc to form 
oxalic and L-threonic acids . 110 Methylalion with rliazometliane at 0° forms 

111 K. W. Herbert, K. L. Hunt, E. O. V. Pprcival. It J W Koynnlds and F. Smith. 
J. Chcm, Sor , 1270 (1933). 

1,1 II. R- Rosenborg, "Chemistry and Physiology of the Vitamins," p. 280, ln- 
terscionoe Publishers, New Yoik (1042). 

114 W. O. James and J. M. Cragg, ^ Tew Phytologint , 44, 28 (1043). 

1U J. II. Penney and S. S. Zilva, Bioekem. 89, 1 (1945). 

111 E. L. Hirst, J. Bor. Chem. Ind. t M, 221 (1033). 
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a 3-methyl ether, which no longer reduces, but which in ntill acidic. 117 
Methylation at 20 c forms a 2, 3-dimethyl ether which does not react with 
hydrazines. 

The stability of ascorbic acid in plant products is very important in the 
food industry. Oxidation in milk is accelerated by copper and sunlight. 
Low temperature storage of foods (below 42° F.) is helpful in preventing 
loss. 

In 1928, a strongly reducing acid termed a “hevironic acid,” was iso- 
lated 11 * from oranges and cabbages, which was later shown to be identical 
with vitamin C, isolated earlier in an almost pure state 11 ' The constitu- 
tion 17 * was established in 1933 and, >hc first successful synthesis was 
described in flic same year. 1 "'' 

The first synthesis was based on the addition ul liCN to i.-xylosone. 
D-Cialacturonic acid was the starting material ; reduction gave n-galactonic 
acid, and the lunirlc was then degraded to n-lyxosc, which was converted to 
1 ,-xylosouc. The most important commercial method utilizes sorbitol as the 
starting material. 151 Bacterial oxidation produces i, -sorbose, and the diace- 
tone derival ive (1) is oxidized with permanganate to diisopropvlidene-2- 
keto-i/-gulonie arid III) which after hylrolysis of the acetone groups (Til) 
ran be converted to uscorliie ncirl i TV). 
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The conversion of D-galacluronic acid to li-galactoiuc and, and subse- 
quent oxidation to 2-kcto-L-g.iliiclonic acid has been suggested as a 
method. 1 " Sorbose can be oxidized directly to the 2-kcto-i.-gulonic acid, 
but lietter yields are obtained with the diaeetnne derivatives 

ut T. Reiohatein and H Oppeuaui’i, Helv. Chun Aeta.11, 390 (1934; 

111 A. Ssent-Gydrgyi, Biochem. J., Ji, 1387 (1928) 

“• B. B. Zilva, Biochem. J., if, 680 (1927). 

**• R. W. Herbert, E. G. V. Pereival, It. J. W Reynolds, F. Smith and E. L. Hirst, 
J, Soc. Chm. Ini , Si, 221, 482 (1933), P. Mieheel and K Kraft, 7 phyeiol Chem , 
tti, 236 (1933) 

111 T. Reiohatein and A. Grtusner, Belt. Chtrn Acta, 11, 811 (1984) 

us H. B Isbell, J. Bacardi Nad. Bw. Standards, .lit, 45 (1944). P. P. Regno sad 



318 


TOEM1HTRY OF THE CARBOHYDRATES 


F. Osones. The osoui's are known primarily in the form nf their hydrazine 
derivatives, the OHazones. These “dicarbonyl” sugars have recently achieved 
a great amount of importance us intermediates in the synthesis of imrorhie 
ucids. They also can 1 h> oxidized to 2-keto aldonic acids. 

The osones exist only us amorphous or sirupy materials. They are very 
labile and show the characteristics of encdiols of the mluctone type. For 
this reason the formula for o-glucosone, for example, might be represented 
best by (VI) below, rather than (V). This formula is similar to a “reduced” 
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ascorbic arid. Reduction occurs with Frilling solution in the cold, and 
derivatives are obtained with hydrazines and diamines. 

Several methods are available for the preparation nf these compounds. 
Osazones can l>e hydrolyzed by acids or by carbonyl compounds. (See 
under Osazones.) Alcohol-insoluble osazones are generally hydrolyzed with 
concentrated hydrochloric acid at a low temperature. Alcohol-soluble 
osazones can lie split by the action of henzuldelivdo. Pyruvic acid lets also 
been used. 

Catalytic oxidation of sugars and alcohols is a more 1 direct method. 
Hydrogen peroxide and iron suits were used originally (see under hydrogen 
peroxide oxidations). However, much better yields have been obtained by 
the direct oxidation with cupric sails. 11 * The action of a limited excess of 
cupric acetate for a short time on melhanol solutions of o-sorbose or l- 
xylose has given a (50% yield of the osone. 

The simplest osone, glycerosone or hydiuxypyruvic aldehyde, has been 
prepared by the oxidation of dihydroxyacetonc. This compound is enolir in 


11. P. Caldwell, J Ain Chon Sor. t tiff, 243 (11114); It. Pasternack and P P Hcgai, 
IT. 8. Patent 2, 207, Ml, July IS, 1010; 2,338,534, Jan 1, 11)41. 

1,4 K. Weiitenhagen, Z . WirUrhufingrupin' ZuchcnnH , 87 , 711 (1U37). 
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character, reducing cold Fehling solution and forming acidic aqueous solu- 
tions. 154 It exists normally us the trimer. 

Glucose has been oxidised with A. parasihcun Speare and another un- 
identified mold. m Yields of 8.0% of glucosonc were obtained from glucose 
and 17% from maltose. Starch and sucrose gave 15 and 13.6% yields, 
respectively. 

Substituted osoncs can he synthesized by the Grignard reaction. Diiso- 
propylidene-2-ketogluconic arid and phenyl magnesium bromide react 
to form 1 -C'-phonyl-2 ,3,4, 54iisopropylidon<'-glucosone. ,M Some 1,1-T-di- 
phcnyl-2 ,3,1, 5-diisopropylidcncfruct ose is also formed. Hydrolysis with 
boiling normal sulfuric acid in propanol forms the 1 -( '-phenyl-ghicosonc. 
This produrl is the first osonc prepared in crystalline form. 

A letruacelylglucosone hydrate is prepared by the treatment of tetra- 
ncelyl-l ,2-glucoseen itli chlorine follow < n] by silver carbonate (see under 
Glyeoseens). 


2. Oxidation Agents 

A. Halogen Oxidations. 127 The halogens and their oxyacids probably ore 
the most important oxidants used in the carbohydrate field. They an* widely 
used as hleaehing agents, but the mechanism of this artion remains 1o lie 
cluritied. As n*agcnts for preparatory purposes (particularly for aldonic 
acids and lactones) and for analytical procedures, they are very important. 
Periodic acid, discussed in a later section, has an important application for 
the elucidation of structures of carbohydrates. A number of valuable com- 
mercial products arc made by treatment of polysaccharides witli halogens, 
particularly cldorinc or hypochlorous arid, but the nature of these actions, 
such as the modification of starch, has not been clarified. 

Bromine and hypoiodile oxidations an* particularly suitable for the 
preparation of aldonic acids fnnn aldoses. Similarly, uronie acids an* con- 
verted to saccluiric acids. Of less value is the oxidation of primary alcoholic 
to aldehydir groups. Jn this manner, glycosides can be converted touronides 
and polyols to aldoses and aldonic acids. 

Secondary alcoholic groups an* oxidized to koto groups, and the 2-keto 
and 5-keto acids an* formed in this manner. More extended oxidation re- 
sults in the eleavage of earhun-carbon bonds and the production of short 
chain acids. 

«« W. E Evans, Jr., (\ J. ('an and .1 l 1 . Kranlz, Jr , J . Am. Chew. Sue., tffl, 1328 
(1938); R. (1. W. Nurrwh and J. (i A. (IriflilliH, J . Chcm. Soc., 2829 (1028;. 

(\ U. Bond, E. (\ Knijiht and T. K. Walker, Hiurhm i. .5/, 103!) (1937). 

II. Ohlc and 1. Well, Ann., I (1931). 

I>7 J. W (irmi, AttotinccH in Carkohythatr ('hem , J, 129 (1947 1. 
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Periodic arid is of great value in that it usually produces quantitative 
cleavage of pairs of vicinal hydroxy] groups and the formation of dialde- 
hydes. Oxidations of this type are discussed in the next section. 

It is particularly interesting that in spite of the cheapness and availa- 
bility, chlorine and hypochlorite are not common oxidation agents in this 
field. 

a. Halogens and Hypohalites 

The use of halogens and hypochlorites as oxidizing agents is complicated 
hy the rliange in the nature of the oxidation as the conditions of tempera- 
ture, aridity and concentration vary. The halogens not only show consid- 
erable difference in the position of the various equilibria and the Bpccd at 
which the equilibria are attained, but also in the maximal concentrations us 
expressed by the solubilities. 

At 20° (\ the solubility 111 of the ImlogeiiR in w uter is: chlorine, 1.85 
g./]00 ml.; bromine, 3.58 g. /100 ml. ; and iodine, 0.28 g./lOOml. In aqueous 
solution, hydrolysis occurs as expressed by the following equation: 

X, f H,<> ♦ * llOX + IIX 

The equilibrium constants Tor the reaction are given 11 ' as: 

Chlorine, K *■ 4.6 X 10" 4 
bromine, K - 2 4 X 10"* 

Iodine, X - 30 X 10-’’ 

Evidently in acid solution, the equihhriuin lies far to the left and the ron- 
rent ration of hypohalous acid is very small. 

When alkali is added to the system, the roneentrution ot hypohalite ion 
increases: 


X, + 2NaOH NaOX + N&X + UtO 

lienee, tine concentration of tree halogen, Italic ueid and hypohalite will 
vary greatly with the acidity. For 0.02 M cldoriue solutions at room temp- 
erature, for example, Ridge and Little 119 have shown that at pll 1 , 82% oi 
the total chlorine exists us free chlorine and 18% ns hyporhlorous acid. 
Al pi I 4, only 0.4% is free chlorine and 90.0% is hypochlorous acid. At 
pll R, 21 % exists aH hypochlorous acid and 79% os hypochlorite. Obviously, 

U *A. Seidell, "Solubilities ol Inorganic and Metal Organic Compounds," Vol. 
/, Van Nostrand, New York (1940). 

ul J. W. Mellor, "A Comprehensive Treatise on Inorganic and Theoretica] Chem- 
istry,” Vol. I, Longmans, Green and Co., London (1927). 

1U B. P. Ridge and A. H. little, J. Textile Inti., 88, T33 (1942). 
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the concentration of the oxidant and probably the nature of the oagda t w n 
will be influenced greatly by the acidity. 

Hypobalitea are converted to halatee according to the equation : 

2 HOX + OX- 2 HX + XOr 

For hypochlorous acid, 1 lu the minimum stability exists at pH 0.7 and the 
maximum stability at pll 13. Various anions exert a catalytic effect. For 
hypobromito solutions, these positions of maximum and minimum stability 
are shifted to more alkaline conditions. The velocity of halate formation 
increases greatly in the order: C10.« < BrOj < 10) . 

The above discussion should emphasise the difficulties involved in de- 
termining the nature of the active oxidant in systems containing halogens 
or hypohalites and in allowing that markod effects may lie observed as a 
result of slight variations in the conditions of the oxidations. 

Oxidation in Acid Solutions. In arid solutions the active oxidant is the 
free halogen or the hypohalous acid. As noted above, the proportions of 
these potential forms of the oxidant vary with the acidity of the solution 
and the nature of the halogen. However, unless a buffer or neutralizing 
substance is present, Ihe solution will become strongly arid ns a result of 
the formation of hydrolialie acid 

JICJIO + Br, ■+ 11,0 - R COO 11 + 2HBr 
ROIIO + JIOBr - ROOOH + HBr 

Hlusiwetz 1 * 5 first used halogens lor the oxidation of sugars. Lactose was 
treated with bromine and glurose with cldorine. Gluconic arid was formed 
from glucose und isolated us the culrium salt, lviliani 1 ** foimd that sugars 
were oxidized readily by bromine at room temperature and obtained yields 
of 50 to 70% of various aldonic acids. 

The accumulation of IIBr during the oxidation produces a definite inhi- 
bition of the rate of oxidation. The effect is more than one ot an increasing 
acidity, for, although other strong acids also inhibit the rate, the effect is 
largest for IIBr and HOI. 114 To minimize this inhibiting influence, the re- 
action may Ik* carried out in the presence of a buffer such as barium car- 
bonate or huriuin benzoate. 1 ** In general, the presenee of buffers increases 

111 It. M. CimjHii, J. Am. Chun. Sor., 60, 2211 (11134) 

111 H. Hlasiwetz, Ann. 110, 281 (lSfil I, If. Hlasiwetz and J. Haliemiann, ibid., 166, 
120 (1870). 

M * H. Kiliani and 8. Klwman, Ber , 17. 1200 (1884). 

114 U. H. Buniel aud A. P. Mathews, J. Am. Client. So e., SI, 404 (1900). 

>«H. A. Clowes and B. Tollens, Ann., SI0, 104 (1890); C. B. Hudson and H. S. 
Isbell, J Am. ('ham. Soe„ 61, 2226 (1929); J. Research Natl. Bur. Standards, 9, 67 
(1029). 



: 22 


CHEMISTRY OF THK ('MiHOHl ORATES 


the yields of aldonic acids, and, in addition, hydrolysis of disurrharidos is 
prevented. Yields of 90% of gluconic acid and of 90% of xylonie acid (as 
salts) have been obtained when buffered solutions were employed. 

When the oxidation period is extended, particularly under unbuffered 
conditions, koto acids may be formed in small yields. Khamnose Rives 
5-ketorliamnonic lactone 1 " 6 and hexose sugars the 5-kcto acids. 1 * 7 Under 
more drastic conditions, carbon-carbon bonds are cleaved with the pro- 
duction of short-chain acids. 

A variation of the bromine oxidation process which seems to bo par- 
ticularly feasible for the commercial production of aldonic acids involves 
the electrolysis lietween carbon electrodes of solutions containing sugars, 
small amounts of bromides, and a buffer such as calcium carbonate. 1 *" 
Presumably the reaction tukes place by the formation of free bromine at the 
anode; the bromine oxidizes the aldose to the aldonic acid and is reduced to 
bromide. Yields are almost theoretical in many east's. If the electrolytic 
method is not well controlled, saccharic acids and 2-kcto anil 5-kcto aldonic 
acids may be produced. 1311 

The ketoses are resistant to the action of bromine, 1 1,1 bromine oxidation 
is used sometimes to remove aldoses from mixtures such as invert sugar. 
By extending the period ol oxidation and employing high temperatures, 
Kiliani obtained oxalic arid, bromoform and glycolic acid. 141 Milder con- 
ditions give koto acids such as 5-keto-L-gulonic acid from fructose and 
5-keto-L-gluconir acid from sorbose. 143 

For polyols, more drastic oxidative conditions are required than for 
aldoses. The oxidation product or sorbitol gives two nsazones, glurosazonc 
and gulosazonc. 143 

The mechanism of the oxidation nl aldoses by bromine in the presence of 
barium carbonate and bromides (;dl about 5.4) lias been studied by Isbell 
and Pigman. 141 Under these conditions the art he oxidant is free bromine 
and not hypohromous acid. 

It is interesting that the ring forms of the sugars rather lhau the free 

,M E Yotocek and S Mai ft chain, Analrft toe. fs/w» jls jy quim , >7, -11)4 (11)29) 

ivr J. P. Hart amlM. It. Everett, J. Am. Chtm S tor , fil , 1X22 (193!)) 

H. S. Isbell and II. L. Frusli, J. Rmarvh Natl Bin Standards, fi, 1145 (1931); 
II. 8. Liliell, ir H Patent 1,976,731 Oct 10, 1934, K L ITelwig, 17. H. Patent], 01)5,114 
Jon. 24, 1933. 

1,# R. Pastel nark and P. P. Rrgtin, l T S Patent 2,222,155 Nov. 19, 1940; E. W. 
Cook and K. T. Major, J. Am. Chcrn Sor 57, 773 (1935). 

H. Kiliani and (\ Srheihler, Her., 21 , 3276 (1888) 

H. Kiliani, Ann., £05, 182 (1880). 

141 M. R. Everptt and F. Sheppard, ‘‘Oxidation oi Carbohydrates; ICeturonie Acids; 
Salt Catalysis, 11 Univ. of Oklahoma Medical School (1944) 

14i C. Vincent and Detach anal, Com pi. mid., //J, 51 (1890); E. Fischer, Ber., 83, 
3684 (1890); H W Talen, R*c. trav. chim ., 44. 891 (1925). 

“< II. S Isbell and W. W. Pigmaii, J. Rtmmh Natl. Bur. Standard*, /(>, 337 (1933) 
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aldehyde are oxidized directly under these conditions. 14 * Pyranoses yield 
5-la clones and furanoses y-lactones, directly. 
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The yields are high. Tlu* direel formation of i-lartones from the sugars 
provides strong evidence that the crystalline sugars, in general, have 
pymnoid structures (see Chapter IT ). 

In the hevose series as far as studied, the a-isomers are oxidized much 
more slowly than the /tf-isomers. 14 ® /H-GIueose, for example, oxidizes about 
thirty-five times mom rapidly tluin the a-isomer. The anomeric forms of 
galuetose show a similar dilTerenee us shown in Fig. 2. The data for a num- 
ber of sugars are given in Table IN'. When plotted on a semilogarithmic 
scale, the rate curves for the oxidation are approximately linear. Fig. 3 
show’s the data for several forms of mannose. 

The equilibrium solutions are oxidized ut rates intermediate l»etweeii 
those for Ihc individual unomers (see Figs. 2 and 3), and the oxidation 
curve is composed of a rapid phase followed by a slow plia.se Extrapolation 
of the slow portion (on n semilogarithmic plot.) to zero lime gives the amount 
of the two unomers in the equilibrium solution. The eompositiun of equilib- 
rium solutions of several sugars as determined in this manner agrees with 
that obtained by optical rotation studies (see Table III, Chapter II). 

One form of mannose (mannose -Cut V 1 HsO, Fig. 3) exhibits an oxida- 
tion curve intermediate between those for the a- and jtf-forms, and consid- 
erable mannonie y-laetone is present in the solution. Consequently, il 
would uppeur that this modifieulion is a munnol'uranose. 

Oxidation with Ilypolialitvs in Alkaline Solution*. In alkaline solution the 
halogens exist os hypohalous acid and hypohalitc ions. The oxidation iti 
likely to Ik* more drastic than for the free halogens. Thus, whereas free 

>»II. 8. label), J. Reseat ch Natl. Bur. Standard*, S, 615 (1032); 11. 8. Iaholl and 
C. 8. Hudson, ibid., S, 327 fl!J32). 

1,1 II. 8, IhIicII sail W. NV. Figninn, J . RtsmrcA Xt ill. Ilur. Simula, d*. IS, 111 f 1037 ) . 
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iodine will not act as an oxidant, hypoiodite is a powerful oxidizing agent. 
Hypobromite and hypochlorite particularly are likely to produce oxidation 
of primary and secondary alcoholic groups and cause cleavage of carbon- 



Fig. 2. Kate of oxidation of n-galactusr 1 by bromine (oa. 0“ (\ pH - 5.4, but- 
ered). (Alter Isbell and Pigman.) 



TIME- MINUTES 

Fig. 3. Rate of oxidation of D-mannnse by bromine (oa. 0 B 0, pH - 5.4, buf- 
fered). (After lBbcll and Pigman.) 

carbon bonds. As noted above, the processes are complicated by the 
tendency of hypohalite to be converted to halatc ions. 

Alkaline hypoidite has been proposed as a reagent for the quantitative 
determination of aldehyde groups . 147 With careful control of conditions, 

141 0. Romijn, Z. anal . Ckm. 9 38, 849 (1807); see also discussion in Chapters III 
and XII. 
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Tabu IV 

The Rato* of Oxidation of the Alpha and Beta Sugar e in Agueoue Solution* Containing 
0.05 Mole Sugar and 0.08 Mole Free Bromine per Liter and 
Buffered with Barium Carbonate and Carbon Dioxide 


i - ■ ■ 

I Oxidation with Bromine Water 


Sugar 

Avarice value 
for velocity 
coni Lent 

A X IP 


Ratio of the 
rates for the 
a and 0 Ilmen 

v*« 

oc-D-Ulucose 

32 

1 

30.2 

0-D-Glucoae 

1253 

39 


a -d -Mannose 

51 

1.6 

15.9 

0-d -Mannose 

7R1 

24 


a-i> -Galactose 

42 

1.3 

37.9 

0-i> -Galactose 


50 


a-n-Talose 

78 

2.4 

10.8 

0-D-Talose (from equilibrium solution). 

844 

26 


a-n-Gulose - CaClr 11 *0 

71 

2.2 

5.9 

jS-n-Gulose (from equilibrium solution). 

418 

13 


0-L-Arabinose 

05 

3.0 

17.5* 

«- 1 ,- Arabinosp • CaCli ■ 411 10 

1658 

52 


a-o -Xylose 

90 

2.8 

18.6 

0-u-XyIose (from equilibrium solution). 

1873 

52 


or-n-LyxuBC 

156 

4.9 

2.9 

0-n-Lyxose 

44U 

14 


ii-Hibose (crystalline) 

196 

6.1 

5.2 

ti-Kibosp (from equilibrium solution). 

1010 

32 


i.-ltibose (crystalline) 

195 

6.1 

7.5 

L-’Kibosc (from equilibrium solution). 

| 

14G6 

| 

45.5 


u L-llhamnoee, hydrate 

90 

2.8 

8.6 

jS-L-Rhamnosr (from equilibrium solution). 

no 

24 


ar-Lactose, hydrate 

29 

0.9 

82.8 

/9-Lac toee 

952 

30 


a-Maltose (from equilibrium solution). 

24 

0.8 

64.0 

p-Maltose, hydrate 

»■» 

48 



* ku/kg. For the nomenclature difficulties for arabinoee, see p. 102, 
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aldoses are converted practically quantitatively to aldonic arids. Measure- 
ment of the iodine consumed gives the amount of aldose originally present. 

RCHO + 1, + SNaOH liCOONa -t 2NaI + 2H.0 

In the reaction, the rule of iodute formation should lx* slower tlion the 
oxidation of the aldose. The reaction is slowed down by the presence of 
buffers such as borax. 14 ' 

Ilypoiodites are used for preparatory as well as analytical purposes. 
Goebel used barium liypobrumite for the preparation of calcium gluconate 
and maltobionate. 14 ' 1 In methanol solution, high yields of the aldonie acids 
are obtained. 1 " 

Ketoses are essentially inert to the action of liypoiodites under the con- 
ditions used for the determination of aldoses, although for nreurulc work 
small corrections may he necessary. With excessive amounts of alkali and 
slightly elevated temperatures, oxalic acid is produced. 1 ' 1 

More drnstir oxidation of aldoses with liypoiodite leads to kelo acids und 
finally to cleavage of curl ion-carbon bonds Ilonig and Tern pus 14 - 1 claimed 
to have oxidized glucose stepwise to gluconic acid, 2-kclnglucoiiic acid and 
n-arabonic acid. However, other workers rluim that Ihe main product is 
5-ketogluennic arid. 1 " 

Glycosides are converted by hypoiodite or liypobrumite to uronides in 
rather low T yields. 1 ' 1 Jackson mid Hudson 155 ohluined a yield of l2°/ f of the 


UCOtH, 

I 

110U1I 

I 

iiocn o 
I 

I1UOH 

I 

HCJ -- 

I 

OH, Oil 


HCOUTf 

I 

110 011 

H0( lj T 

I 

HUOll 

I 

1IU - 

i 

CO OH 


, HCOClb 

I I 

00 011 

0 + O 

! coon 

1 I 

Ilf 1 - — 

I 

ni,on 


148 Sop* K. Myrhnrk and E. Ciyllensvard, *SV« n*>k Knn Till , 6^ 17 (1942) 

148 W. F. Uoebel, J. Biol . Vktm , 72, 809 (1027) 

uo S. Moore andK. P. Link, J. Biol Chem ., 113, 293 (1040). 

ul K Bailey and R. 11 llnpkinn, Riorhrm J , 27, 1995 (1933). 

1(1 M Hdihr and F. TVinpUH, Her., 57 , 787 (1924). 

161 T lleirhslein and 0. Norarhor, Uclv. Chwi Acta , /fl, 892 (1935); W. Ru/irka, 
% /ur he rind. Bdhmun-Mahrun, ft’4, 219 (1941). 

1,1 M Bergmano and W. W. Wolff, 7?rr , 56, 1060 (1923); K. Rmolcuaki, Rocznik i 
Vh<m 153 (1924) 

■“ H. L. Jarkson and C. S. Tfuriflon, J Am . Chem Stir., 59, 994 (1937). 
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brucine Balt of methyl a-mannuronide but showed that cleavage of caibon- 
carbon bonds also occurs. 

Polyols an* oxidised by alkaline solutions of halogens. Fischer and Tafel 111 
obtained 20% yields of glycerosazone by the action of bromine and sodium 
carbonate on glycerol and subsequent treatment with pkcnylhydrazine. 
(Salad it ol gave an osazonc which appeared to be galartosazone. Presum- 
ably, the oxidation takes place mainly at the primary alcoholic group. 

Amides with free hydroxyl groups at carbon 2 are degraded to sugars 
with one less carbon atom by treatment with hypochlorites. This is the 
basis of the Weerman method of degrading sugars, discussed elsewhere 
(Chapter III). 

b. IIauc Acids (llXO,) 

Chlorir acid in conjunction with catalysts, particularly vanadium 
pent oxide, 157 has os its principal use the oxidation of uldonir aeids or lac- 
tones to the 2-kcto acids, intermediates in the preparation of ascorbic acid 
and analogs, as discussed in a preceding section. 

D-(iluconic 7 -lactone and potassium D-gnlaet oiiute in methanol solution 
in the presence of phosphoric acid and Yt<) s ore oxidized by rldoric acid to 
methyl 2-kcto D-glucoimte and metliyl 2-keto-D-galoct onute, respcrtively. , ‘ K 

neon oconi. 

HC'OII v™'— t — « 

I I'HiOH 1 

Iodic acid in strong sulfuric acid at 100” C. is reported to show a rather 
remarkable specificity; ketoses, sucrose and |X j ]i loses an* oxidized, but 
uldohcxnscs and lactose are not attacked. 1 " At still higher temperatures, 
hexoscs are oxidized quantitatively to carbon dioxide and water. 1 *" 

Under mild conditions of temperature and in the absence of a cutalyst, 
aldoses, ketoses and sucrose are inert to tin* action of chloric acid over 
several weeks time. 1 * 1 Hromntes in alkaline solution also exert no oxidative 
action. 1 ' 2 

■“ 10. Fiarher amt .1. Tafel, Hi i ., £0, 33S1 (1H87), it. 106 J8K0). 

u7 H. Pasternack and P. P Regiia, U. S Patents 2,203,023 June U, 1040; 2,207,091 
July 10, 1040; 2.188,777 Jan. 30, 1040 

»• P. P. He ana and B. P. Caldwell, J. Am. Chem Hoc , W, 243 (1044); II 8. Isbell. 
J. lleeearrh Nall. Bui. Slamlardu, S3, 45 (1044) 

“• R. J. Williams and M. Wends, J. Am. Chem. Sot., fifl, 1408 (10371 

M, W (Turks, Mikrorhimie ver. ilikioehim. .lrfn, SO, 250 (10421. 

1,1 A. Jeauen and II. H labell, J. Research Nall. Bur Standai'le, it, 125 (1041) 

“*1\ Van Fosacn and 10. Pacau, Textile Research J., 10, 103 (1046) 
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r. Cheohops Acid (HC1O0 

Chlorous acid is of particular interest liecause of its use for the removal of 
lignin and other noncarbohydrates from woody tissue without appreciable 
action on the carbohydrates. (See Chapter XV, under Holocellulosc.) It 
also is reported lo be an effective bleaching agent. 

Jcunes and Isbell 111 found that under mild conditions aldoses are oxidised 
to the nldonic acids but that non-reducing carbohydrates and kctoseB are 
only hlow l.v attacked. The rapidity of oxidation is in the order : pentosos > 
liexosex > diHucchuridrs; a-hexoses > /J-hexoscH. Tlie yields of aldonic 
acids, however, are less than for bromine oxidations. 1,1 'Hie equation for the 
oxidation in acidic solution was expressed as: 


HCHO 4 311 CTO, RCOOH 4 IICT ■+ 2CIO, 4 H>0 

B. Reagents Cleaving Glycols. A number of reagents exhibit relatively 
sharp specificity for the cleavage of bonds lictween adjacent carbon atoms 
carrying hydroxyl groups. The most important of these are periodic acid 
and lead tetraacetate. The requisite properties of on oxidant of this fvpe 
have been defined 114 as follows : 

1 . “The central atom of the oxidant must have a diameter, about 2.f> lo 
3.0 X 10 -8 ein., whirli is large enough to bridge the space between hydroxyl 
groups in a l , 2-glycol. 

2. “The central atom of the oxidant must lie able to coordinate at least 
two hydroxyl groups in addition to groups already at turhed to it. 

8. “The valence of the central atom muHt exceed by two units, ml her 
than by one or three, the valence of the next lowest stable stale. 

1. “'Hie oxidant must have, an En oxidution potential in ihc ncighhm 
hood of about -1.7 volts with respect to tlip next lowest stable valence 
state.” 

In general such oxidants are pictured 1 * 4 as operating hy the formation of 
an ester with the glycol, the ester lieing decomposed with the oxidant 
liberated in its lower state of valence, and Ihc remaining free radiral rear- 
ranging to the dinldebyde: 


H r°> 

lie — or 


I 

HC-O- 

I 

HO— O 


HC-I) 

HO-O 


For periodate and lead tetraacetate, the intermediate complexes are too 
ln Sec cuiuiucuts by J . W Greeu, ref. 127, p. 130. 

lbl 1, J. Heiill, 11. K. f, I lidding and C. B. Purves, Paper Trade J., HI, 81 (1046) 
•« H. Criegcc, L. Kraft and B. Hank, Ann., 107, 1G0 (1933). 
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mutable to enable isolation, but with similar materials crystalline esters 
have been obtained (thallic esters of fatty acids and potassium osmate). 

An alternative mechanism for this type of oxidation is based on a free 
radical mechanism. Lead tetraacetate, for example, decomposes 'n hot 
solution a r cort ling to the following equation : 

l»b(OCOOU,)« -+ PbfOCOCH,), + 2 000CH, 

Tlii» neutral acetate radicalH may dehydrogenate 1 , 2-glycols ns follows: 


JKJOII + 

i 

I1COH 

1 

■o pocjh, 

HO— O. * 

** 1 

HCOH 

1 

H0000I1 

nr <)• 
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UCOH 
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HO 0- 
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'• 1 
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t ! 

- 4 

liron 

HCOH 

HO- 0- 

IIC>=.() 


Periodic acid and lead id rnacetntc are the most important agents ol this 
type, but sodium ]>erbismutliate (NaBiQ,) and hydrated trivulent silver 
ion (Ag t,+ i idso possess the necessary properties and oxidize glycols in 
a similar manner. 

Periodic acid has its principal value for analytical and structural deter- 
minations. Lend tctruiu'ctate is used for structural determinations (Chap- 
ter \ ) and preparatory purposes (Chapter 1TI). For the latter purpose, 
sodium perbisnuithaie shows considerable promise because the original 
material and its reduction products are difficultly soluble in water and muy 
be easily separated from reaction products of the glycol. 

Cist 1 ,2-glycols are oxidized more rapidly than trams glycols by both load 
tetraacetate and periodic acid, but the former reugent manifests such a 
marked difference in rate for ris atul trans groups that it luu been used fur 
their estimation (pp. 213 and 365). Lead tetraacetate, because of itsease of 
hydrolysis, is usually employed in organic solvents, whereas aqueous solu- 
tions of periodic acid are used. Toward oxalic acid and a-hydroxy acids, 
the two reagents exhibit a marked difference. Oxalic, arid is not attacked 
by periodic acid, mid a-hydroxy acids are oxidized only slowly even at high 
temperatures. In contrast, lead tetraacetate attacks oxalic odd and a- 
hydroxy acids at room temperature. 117 

Periodic acid is an extremely valuable reagent. When hydroxyl groups, 
or an amino and a hydroxyl group, arc located on neighboring carbon 

1M W. A. Walurs, Tran*. Faraday Sue., 4i, 134 (1946). 

117 R. Criegoe, Sitiber. Of*. Beftrdcr. gen. Naturw, Marburg, HO, 26 (1934); Cham 
AM., 69,6820(1906). 
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atoms, cleavage of the intermediate carbon-carbon bond occurs upon treat- 
ment with periodic acid: 

R’CHOII— CHOII-R + II10 4 R'CJIO + RCHO + Hit), + H,0 
R 'CHNH. -CHOH— -R + HIO, -» R'CIIO + RCHO + HFO, + Nil, 

In many cases, the reactions are practically quantitative. 

The use of periodic acid as u reagent for glycols was first applied by 
Malaprade. In the glycol series, Floury und associates 168 showed that it is 
specific for 1 ,2-diols. The general application of the reagent 1ms been re- 
viewed by .Turkson. 18 * 

The oxidation appears to take place through the intermediate formation 
of an unstable ester, Criegee 186 postulated the reaction as: 

i i 

ii con Co 

n* + 107 + ! I >>;' -> 

If COII — CO' 


iiro 

(<tialrtp|iyili») 

IlCO 
I 
i 

The ester formation is analogous to the formation of hydrates by periodate 
ions : 


( 10 .) 4 


IICO- 

I 

II CO 


11+ 4- 10, + 211,0 - JSIF+ 4 10 h b 

The general conditions necessary for cleavage of carbon-carbon bonds has 
been discussed earlier in this chapter. I^ead tetraacetate behaves similarly 
in many ways. 

The oxidation w ith. periodate is second order with respect to polyol and 
periodate. 1711 It proceeds more rapidly in acid solution than in alkaline solu- 
tion. Cin ]>airs of hydroxyls react more rapidly than trans groups. The effec- 
tive oxidation potential in acid solution is about — O.S volts. 18 * 

When more than two vicinal hydroxyl groups arc available, the oxidation 
continues through this portion of the molecule with the formation of formic 
acid from secondary alcoholic groups and formaldehyde from primary alro- 
holie groups. 

CHsOH- (CaiOH).-- CIIjOII mHCOOII + 211 Clio 

1,1 P, Flpury and J. knp;, Compt. rend., 195, J3U5 (1 &IH2). 

K. L. Jackson, in “Organic It part ions,” Vnl. 2, p. 341; J film Wiley, Now York 
(1944). 

C. C. Price andH. Kroll, J. Am. Chcm. ,W. t 60, 2726 (1938); C. (!. Price and M. 
Knell, ibid., 64, 652 (1942). 
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Compounds containing carbonyl and hydroxyl groups arc oxidized. 

nc30-nii0ii - hcooh 4 hcho 

RCO-CIIO -» HCOOH 4- IICOOH 

Aldonic and sacchurir acids yield glyoxylic acid. 16 * 1 171 

CHjOII- (CllUIl)r- CHX)II 4 4III0 4 - 
mo- coon 4 iicno 4 311 COOH + h,o 4 41110 , 

COOH -(CHOlIj, coon + 3HI0 4 -► 

2CHO — (HX)II 1 - 2HCOOH 4 H,0 4 3HIO, 

(ilucosc consumes five atoms ol oxygen producing one mole ol formaldehyde 
and five moles of formic acid. Inositol (a hexahydroxycyclohexane ) is 
oxidized to formic acid and glycolic acid, 4 moles oi oxidant being consumed 
rapidly and 0.7 moles at tin* end of several days. 

In a curium chain, the reaction stops when a carbon uloin is reached 
which dot's not carry an unsubstitiited hydroxyl, u carbonyl, or an amino 
group, (ilycosides, lor example, gives dialdehydes: 
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The amount ol oxidant consumed as well as the nature of the reuction prod- 
ucts provide proof fur the structure of the glycoside. (For further discussion, 
sec under structure of glycosides, Chapter V.) Periodic acid oxidation also 
provides information of great value for the determination of the structures 
of glycosans, ether derivatives, oligo- and polysaccharide* (Chapters VIII, 
X and XII ). It is also un important method of correlating the configuration 
of the anomerie carbon at oms, particularly in glycosides (p. 49, Chapter II ). 

In several instances, 1 ,2-glycols have l>cen found to be resistant to the 
action of periodic acid. These include 1 , (5-anhydroglucofuraiiose 1 71a and 
letraacetylinositol. 1 171,1 Hence, lack of oxidation by periodic acid cannot l>e 
taken as conclusive evidence of the absence of 1 ,2-glycol groups. 

Ah a preparatory method, oxidation uith periodic acid is of particular 
importance for the preparation of short -chain sugars. For example, 2.3- 

171 1*. Pleui y uiui J. hunge, J phtum. rhim. t |8| /7. 313 (1033); P. Fleury, 0. Poirot 
and J. Ficvet, Compt. rend., JS21), 064 (10451 

u*Il. J. Dimlor, II. A. Davis, and (3. E. Hilbert, J dm. Chem. Sue., 6S, 1377 (J946). 
17lb (3. Dangsrhat nml IT. O. L. Fischer, Naturicisxemchajtcn, 50, 140 (1942). 



CHSMIBTRY OF THE CABBOHYDBA.TES 


benzylidcne-D-arabitol (I) consumes one mole of periodic acid and yields 
2 , a-bcmylirlinp-D-threose (*II) which can be converted to a crystalline 
isopropylideue derivative. 111 The une of lead tetraacetate for this purpose it> 
discussed elsewhere (p. 124). 
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C. Nitric Acid and Nitrogen Oxides. Oxidations with nitric acid under 
the best conditions convert primary alcoholic nnd aldehydic groups to car- 
boxylic groups. Frequently, however, cleavage 1 of carbon-carbon bonds 
occurs. For galactose the conversion to insoluble mucic acid, rOOII 
(CHOIlji C001I, takes place 1o an extent greater than 70%. and the 
reaction is used for the quantitative detennination of this -oigar IW Smaller 
yields ol saccharic acid arc obtained from glucose 1 , and considerable quanti- 
ties ol oxalic acid and some tartaric acid are obtained. 174 Among the prod 
ucts of the oxidation of fructose are formic acid, oxalic acid, /W'M-tartaric 
acid, and glycolic acid, but the reaction seems to require more severe con- 
ditions than for glucose, and with dilute acid (32%) and low temperatures 
the ketoses are not attacked. 


CHO COOil 

(CHOH), - HW0 ‘ -> (CHOII) 4 

I I 

CHjOH COOU 

(o-Galactom) (Mum acid) 

Oxidation ol methylated sugars with nitric acid has been used extensively 
ior the purpose of demonstrating the position ot unsuhst touted hydroxyl 
groups. (Sec under structure of glycosides and Hugurs such as maltose, 
sucrose, etc.) 

Cleavage of carbon-carbon bonds appears to be facilitated by the pres- 

m W T Uaakins, R. M. Haim and C. 8. Hudaon, J. Am. Che m. Soc., OB, 1603 
(19431 

171 Set l' \ Browne and F. W. Zerban, “Sugar Analysis,” pp. 091, 728, John Wiley, 
Mow York (1941 1 W. van der Haar, “Monosaoeharide and Aldebydsnuren,” 
Rorntraegoi , Berlin (1920). 

»« H. Kiliani, Ann., HOB, 163, 172 (1880); Ber., 84, 463 (1921); W. G. Btokea and W. 
B. Barcb, U. S. Patent 2,267,284, Sept. 80, 1941. 
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ene® of catalysts such as vanadium aalta, and tartaric and oxalic acids an* 
formed in good yields at the expense of saccharic acids. 1,6 Since hoi nitric 
acid acts as a hydrolysing agent as well as an oxidising agent, align* and 
poly-saccharides may lie used. 

Kiliani 1 " has made tin extensive study of the nitric acid nxidatiuitb ul 
carbohydrates. He fount 1 that aldoses are oxidised to aldonic and saccharic 
acids or their lactnneb ( llurose, for example, gives gluconic arid and sac- 
charic acid. Polyols can be oxidised to aldonic acids ; glycerol gives glyceric 
acid. Aldonic acids are oxidised to 2-keto acids, saccharic acids, and uronic 
acids. 177 The formation of these products indicates that the oxidation of 
aldoses vv itliout cleavage of carbon-carbon bonds probably proceeds through 


Hie following series nt reactions: 



OHO 

COOH 

OOOH 

i'oon 

f(ilOH). 

| 

j 

-► (C1IOM). 

| 

-► (CHOIl)n 

1 

1 

-> (CHOH), 

(in , oh 

| 

011,011 

mo 

| 

OOOH 


\lt emotively, the reaction may proceed via the nng iorms of the sugars and 
the lactones, but this refinement of the mechanism has not been clarified. 
I'nder the strongly acidic conditions of these oxidations, equilibria lietween 
the various ring and open -chain iorms should lie established quickly. In this 
connection, it should he not I'd that whereas galactose gives mucic acid (the 
open chain (nrm), mannonic acid gives a dilactone. 

The tormation ol 2-keto or 5-keto aldonic nrids indicates that cleavage 
ul earbon-earbon bonds may residt from further oxidation uf such intei 
mediates Vanadium salts appear to promote this reaction. 
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171 J. K. Dale and W. F. Rice, Jr., J. Am. Chem. Soc., 66 , 4984 (1938); 8. Boltaberg, 
IJ . 8. Patent 2,380,196, July 10, 1946; A. F. Odell, U. 8. Patent 1,426,606, Aug. 16, 1922. 
>*• H. Kiliani, Ber ., 64 , 466 (1921); 66, 76, 2817 (1922); 68 , 2016 (1928); 68 , 2344 (1926). 
itt if. Kiliani , Ber., 64 , 466 (1921), 56, 76 (1922); W. hOlitier and R. Angier, Are*. 
Bioehtm., 10, 291 (1946). 
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The specificity of the oxidation may be increased by the use of nitrogen 
dioxide (NO*) rather than nitric acid. 178 With this reagent in gaseous form 
or in nonaqueous solution, a marked specificity for the oxidation of primary 
alcoholic groups (in the absence of aldehyde groups) has l>ceii shown. Gly- 
cosides a re oxidized to uronie acids, cellulose to a polyglucuronic acid, and 
diethylacetal to glyoxylic acid. 



011,011 O OOI I 

The nature of the oxidant in such systems lias received some study. 179 
Concentrated nitric acid exhibits an initial period of inhibition when used ns 
an oxidizing agent and will not exert an oxidizing action in the presence of 
urea which removes nitrous acid . This period may l>e eliminal od by the addi- 
tion of fuming nitric acid, oxides of nitrogen, nitrous acid or other mate- 
rials. 179 180 Nitrogen dioxide appears to require the presence of water for 
its reaction. These facts indicate that nitric acid is not the true oxidant , but 
instead the effective agent is nitrous acid which in the presence of NO es- 
tablishes an equilibrium 181 with nitric acid according to the equation: 

11X0, 4 2X0 4 11|0 <=* 3IIN0, 

The catalytic effect of oxides of nitrogen and of sodium nitrite appears 
to operate by the establishment of the above equilibrium. The action of 
nitrogen dioxide may l>e similar, for in the presence of water, a similar 
equilibrium condition is reached: 

2X0. 4 11-0 * 3 . IIXO, \ UNO. 

By the employment of conditions favorable for the establishment of these 
equilibria and unfavorable for curkon-earbon bond cleavage*, the specificity 
of the reaction is increased greatly. For example, mueic acid is produced in 
90% yield, 179 whereas with hot nitric acid the usual yield is about 75%. 

Oxidation of primary alcoholic groups ap]X‘urs to take place through the 
intermediate formation of an ester of nitric (or nitrous) acid . 182 In the initial 

178 K. Maurer and (5. Drcfahl, Her., 76 , 1489 (1942); K. Mnurci niiij (1. lleiJT, J. 
makronwl. Chetn., /, '27 (1943 j; E. (\ Yaekrl rtic! W. <). Kenyon, J . Am. Chcm. Hoc., 
tt4, 121 (1942); (\ C. Unruh and W. 0. Kenyon, ibid., 64, 127 (1942). 

171 B. L. Broaning, (\ It. Calking II. L Leaf, Jr., W. II. MrPheninn and W. W 
Pigman, AbntrarlH, Am. Cheni. Soe Mreling, New York, September (1047). 

11,8 H. Kiliuni, Her , 64, 459 (1921); 0. D. Hiatt, l\ S. Patent 2.250,891, Hept- 16, 
1041; J. 13. M. Hrcmncr, II. II. Stanley, 1). Cl. Jnncs and \ W. 0. Taylor, U. S. Patent 
2,389,950, Nov. 27, 1945 

181 V. II. Veley, Trans. Roy. Hoc. (Lonrfon), 69, 27 (J893) ;J. ('5 cm. Hoc. (Abstracts) 
04, 413 (1893). 

181 P. A. Metier, W. F. Fowler, Jr.. K. W. Taylor, C. (-. Vnruh und W. O. Kenyon, 
J. Am. Chm . H nr. B 69, 355 (1947). 
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stages of oxidation, cellulose contains combined nitrogen which increases 
and then slowly decreases. Nitric acid appears to act as a catalyst for the 
dccsterification. 

D. Oxygen in Alkaline or Neutral Solution. The study of the action of 
molecular oxygon on sugars is of considerable interest from the standpoint 
of the mechanism of (he in vivo oxidations of sugars. The reaction ako has 
considerable value for (he degradations of sugars to acids having shorter 
chains (see Chapter III). 

In alkaline solution, oxygen degrades the sugars to aldonic acids having 
one carbon atom less than the sugar. Air or oxygen may be used and rela- 
tively high yields of acids are obtained. 18 ' For example, potassium D-arabon- 
ate has been obtained from D-glueose in a yield of 00 to 75%. Ketoses act 
similarly, and in the rase of L-sorbose, 2-keto-L-gulonic arid and n-xylonic 
acid ore produced in good yield. 181 The formation of 2-ketogulonic acid 
indicates that the reaction proceeds through the osone, probably formed 
from the enrdiol : 
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In neutral solution in the presence of platinum catalyst, the process is 
mainly one of dehydrogenation, and the oxidation of mannose is postu- 
lated 188 as follows: 


Mauiione + maim c mi r acid - > manuuromc arid — ► manno-Bacrharic acid. 
For fructose, tlie reaction seems to proceed differently: 


Fructose - ♦ glueosime -* 2-ketomannonir acid -* D-arabinose. 

The platinum oxide catalyst converts the hexitols to the corresponding 
aldoses and kctobCH which are carried through the above series of reactions 
by the oxygen. Mannitol is oxidised by PtO* to D-mannoee, isolated as 
methyl a-mannosidc in a yield of 20%. Fructose is formed simultaneously. 

Under ronditions simulating biological processes (neutrality and a tem- 
perature of 37.5° C\), oxygen attacks glucose, glyeeruldehyile, glycerol, and 
related products. 188 One mole of carbon dioxide is formed per mole of D-glu- 
eose. Sodium ferropyrophnsphate is used as catalyst. With phosphate and 

1,8 J. (I.Nef, Ann., 403, 204(1014); O.Hpenglrrand A. Pfannenstiel, /. WirUchafU- 
gruype Zuekmnd., 86, 646 (1996). 

114 O. D aimer and K. Heyna, IJ. S. Patent 2,190,377, Feb. 13, 1939; II. 8. Isbell, 
J. Research Nail. Bur. Standards, 19, 227 (1942). 

188 J. W. niattleld and 8. (iershon, J Am. Chrm. Sor., SO. 2013 (1038). 

118 II. A. Bpochr and 11. W. Milner, J. Am. Chcm. Soc., 60, 2008 (1931). 
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aiwnnle hh catalysts, fructose is much more sensitive than glucose, and 
llir rale of oxidation in dependent upon Ihe eoneentration of salt present 
and not on the jiH. 1 * 7 

In the absence of catalysts, alkaline solutions of aldonic acids and glyki- 
tols are relatively stable to oxygen. However, in the presence of Balts of 
iron, nickel, cobalt, and copper, oxygen is consumed."* Carbon dioxide and 
formie arid are among the oxidation products. 

From the standpoint of the conditions encountered during the manufac- 
ture ui sucrose, the aetion of oxygen on sucrose solutions in the presence and 
absence of lime is important. Carbon dioxide is liberated from hot neutral 
solutions, and acids are formed. The increase in acidity results in inversion 
of the sucrose and decomposition of the resulting Uexoses. The presence of 
lime nr an increase in alkalinity speeds up the decomposition." 11 

E. Hydrogen Peroxide. The principal value of oxidations with hydrogen 
peroxide is tor the degradation of aldonic acids to sugars with one Icsn car- 
bon atom; ferric sulfate is used as n catalyst (sec p. 121). It is noteworthy 
that although ferric salts catalyze this reaction, ferrous salts are used tor 
rngurs and ferric salts are not piTeetive. 

With sugars, t he products obtained dc|)enil upon the conditions employed 
and the presence and nature of the cstalysl . In any ease, the products are 
usually mixtures. At low temperatures and in the presence of ferrous sul- 
fate, glucose and fructose are converted to glucosone and on further oxida- 
tion to glycolic acid, glyoxvlic acid and trihydroxyhutyric acid. 1 " At low 
temperatures in the absence of catalysts, oxidation is very slow, but at high 
temperatures" 1 the main product is carbon dioxide with some formic acid. 

The nature of the products formed under various conditions and the 
mechanism of the renrtion have been investigated by Kiichlin."* At low 
temperatures and for dilute solutions in the presence of ferrous sulfate the 
following products were formed from glucose and identified us derivatives: 
glucosone, 2-ketoglueonic acid, and 2, 3-diket oglu conic acid ; in concentrated 
solutions, formaldehyde also was found. The formation of these products 
at low temperatures was ascribed to the following series of reactions: 

1,1 M. Clinton, Jr., and R. Hubbard, J. Biol. Chtm., 119, 487 (1037) 

*•» Bee: W. Traubc and F. Kuhbier, Ber., 99, 2684 (1936). 

1,1 See: M. Garino, M. Parodi and V. Vignolo, flow, ehim Hal., 95, 132 (1936); 
Chm. AM., 59, 6419 (1936). 

111 C. F. Cross, E. J. Bevan and C. Smith, J. Chm. See., 79, 403 (1B98); H. S. Mor- 
rell and J. M. Crofts, Vrid., 75, 786 (1399); 99, 1284 (1903); H. A. Spoehr, Am. Chtm. 
J., 49, 227 (1910). 

in J. H. Payne andL. Foster, J. Am. Chm. Soc., 07, 1664 (1946); A. A. Kultyugin 
andL. H Sokolova, Arch, tci. biol. (IJ.SJiJl.), 41, 146 (1936). 

IM A. Th. KQchlin, Rec. trap, ehim., 51, 887 (1982) and earlier papers. 
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Al higher temperatures, carbon dioxide, formic acid, oxalic acid, glycolic 
acid, tartronic acid, glyceric acid and other acids were shown to lie formed. 
The formation of carbon dioxide ih ascrilied to decarboxylation of the 
2,3-dikcto acid (IV), and oxalic arid and trihydroxybutyric acid arise from 
cleavage of the C2-C3 bond. Compound V elenves to glyoxylie acid anrl 
trihydroxybuf yrie acid. Corapouud VI is oxidized further to 2,3-diketoora- 
bonic acid which on cleavHge gives oxalic arid and glyceric acid. 

The catalytic effect of ferrous salts is ascribed hv Kuchlin to the forma- 
tion of a complex Ix-tween ferrous ions and the rarbanyl group and its 
neigldioring hydroxyl group. This complex is oxidized, and the ferrous ion 
is converted to the ferric ion. Dissociation takes place, and the ferric ion is 
reduced to the ferrous state by further oxidation of the osones thus formed. 
Ferric ions will not cutalyze the oxidation of sugars by hydrogen peroxide. 
Since ferric ions ore used in the Huff degradation of aldonic acids to sugars 
having one Icbs carbon atom, ferrous ions if formed must lie rapidly reoxi- 
dised by the hydrogen peroxide to fcnic ions. 

According to Haber and Weiss, 1 " ferrous salts bring about the decompo- 
sition of hydrogen peroxide into free radicals : 

Fe++ + HO— OH » F6+++ + HO- + (:0— H)“ 


1,1 See: W. A. Waters, Ann. Rip t». on Prognu Chm. (Chem. Soc., London), 48, 
145.(1945). 
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Waters 1 " suggests that the neutral hydroxyl radicals are the catalysts in 
ferrous ion catalysed oxidations of a-hydroxy acids to 2-kcto acids: 

OH 

I 

H R— 0- -OOOH 

I • no- on I 

R — C— OOOH + OH — » K 00011 - -* On + OH 

I I i 

OH OH 11— C-COOH 

II 

■+ 11,0 0 

In the absence of catalysts, the oxidation may proceed by quite a different 
mechanism. Glucuronic arid has lieen prepared 191 in small yield by the oxi- 
dation of glurose with hydrogen peroxide without catalyst at 37° 0 Kiirh- 
lin 1M provided evidenre that the main products nt inoderntely high tem- 
peratures urr formic acid and tartronie acid, fie explains this type of oxida- 
tion as proceeding through the steps of uronic arid formation, oxidative 
splitting-out of formic acid and repetition of tin* process. 

I I I 

nt’OH neon neon 

neon neon - 11,01 coon 

I I 

ni,on ('ooii iieooii 

The formation of carbon dioxide is believed to be a secondary reaction. In 
the absence of catalysts, other carbohydrates probably are also oxidized 
initially at the primary alcoholic group. 

The effect of xuriatious in the conditions of the reaction have also been 
studied by Ktichlin.™ 5 For fructose with ferrous .sulfate as a catalyst, tin 
maximum velocity of reaction is between pH 3.2 and 5.1. The effect of an 
increase of temperature on the reaction is small in strongly acid solution 
but increases us the solution becomes more* alkaline. The initial react ion 
velocity is proportional to the concentration of ratulyst and is independent 
of the quantity of ferric salts. It is proportional to the hydrogen peroxide 
eonrentration. 

Primary alcoholic groups are oxidized to aldehydes by peroxide and fer- 
rous ions. Mannose (as the hydrazone) haH been synthesized 1111 from monni- 

II 01I.0H It CIIO 

HsOj 

”< A. Jollcs, Biochem. Z , 212 (1911). 

»• A. Til. Kurhlin, Biochem. Z., Ml, til (1933). 

>M 11. J. II. Fenton awl II. Jocksnu, J. Chrm. Soc., 75, L (1899), 
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tol in yields of about 40%. In the absence of ferrous ions, even with ferric 
ions present, no reaction occurs. Presumably, the quantity of ferrous ions 
present is critical for it would be expected that with sufficient catalyst, the 
reaction would proceed farther as indicated above. 

Everett und Sheppard 1 11 have studied the formation of reducing sub- 
stances by the action of two molar equivalents of hydrogen peroxide on 
dilute solutions of gluconic 5-lactone at room temperature for a short time 
(30 minutes). Salts of K, Na, Li, Fe, Cu and Ni (carbonates, sulfates and 
acetates) catalyze the formation of reducing material. Of a number of 
anions tested, only bicarbonate, bismut hate, cyanale and tungstate ions 
exhibited catalytic action. Home of the observed effect may be due to 
changes in the hydrogen ion concentration. 

Lactones and polyols shoved increasing reducing power when treated 
with hydrogen peroxide in tlic presence of potassium bicarbonate. Sugars 
were not affected greatly, and uronic acids lost in reducing power. For the 
polyols, copper sulfate is more effective than }mtassium bicarbonate. For 
gluconic 5-lactone and copper sulfate or potassium bicarbonate as catalysts, 
acetate, fluoride and ursenatc ions exert a synergistic effect manifested in 
an increased formation of reduriug substances. On the other hand, many 
substances inhibit the reaction; iodides and p-aminolienzoatcs ore example 
of such inhibitors. 

F. Relatively Unspecific Oxidants. Mosl of the oxidants considered in 
previous sections will under some conditions produce general carbon-carbon 
cleavage and general oxidation of the various possible products. However, 
under cnrelully controlled conditions, it is possible to direct the reactions 
mi that desirable products are obtained in appreciable yield. With other oxi- 
dants, the necessary conditions have not been established, except in special 
instances, and the products are carbon dioxide and a complex mixture of 
short chain compounds. This condition is particularly true for oxidations 
of reducing sugars. Among such oxidants are chromates, permanganates, 
silver oxide, copper sulfate, und cuprammonium, usually in alkaline solu- 
tion. Interestingly enough, some of these oxidants are used for precise 
analytical work, under empirical but highly standardized conditions. (Sec 
also discussion of analytical methods in Chapter III.) 

a. Chromic Acid and Ckiuc Sulfate (Acid Conditions) 

HVf (’ombuxtiuns. Hot acid solutions of chromic acid and of ceric Bulfate 
oxidize carbohydrate materials to carbon dioxide, formic acid and formalde- 
hyde. The quantity of oxidant consumed constitutes a fairly precise meas- 
ure of the amount of carbohydrate present. 117 

1>r G. Hirst fin and M. Blumental, Bull, soe chan , L6J 11, 578 (1944); Chen. Ahtl., 
40, 2437 (19461 . 
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The equations for the oxidalion of several sugars by eerie sulfate are : 

2 UII„0, (gliirose) + 13 O - ► H,0 + CX), + 11 HOOOH 
2 (!iHuOi (fructose) + 13 0 3 IIiO + 3 CO* + 7 HCOOIJ + 2 HCHO 

CuHnOu (mieroBp) + 13 O 2 CO. + 9 TICOOH + HCHO + 2 H,0 

For sucrose, an areuracy of =t 0.3% is claimed. 

TABLE V 

Tht Oxidation of Vanuus Oiganic Compoundk Using Alkaline Permanganate, 
Periodic, Sulfato Ceric, anil Chromic Acid * * 
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Chromic acid acts similarly mill has 1 k*»‘ij used for Hie volumetric doter- 
iniuulinn oi cellulose inulerials.' 11 ' 1 Acid permanganate under the name con- 
ditions presumably uould exhibit similar reactions. 

C,H 10 () 4 tC’iiOr + 32H< -* 300. + 21H»0 f 8(V ►- 

A summary 1 '’ of the effect of four oxidants on a numlier of organic mate- 
rials is ghen in Table V. In the table X indicates no reaction. The figures 

'"Hoc: H. F Launer, J, Research Natl Bur. Standards, 40, 87 (1938); 18, 333 
(1087) 

1N G. F. Smith, “Cerate Oxidimetry,” G. F Smith Chemical Co., Cahimbua, 
Ohio (1942) 
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given are the number of equivalents of oxidant consumed. Whole numbers 
represent stoiehiometrical reactions, and nonintegers, empirical reactions. 
Parentheses indicate results obtained by the improved parmangim^ j 
method of Stamm.*" 1 Ceric sulfate oxidations were ourriod out by the pro- 
cedure of Willard and Young 501 and perehlorate-eeric acid (H|Ce(01() 4 )») by 
that of Smith and Duke.** 

h . Neutral vnd Alkaline Perming a natk 

\ 

When relatively fe^ functional groups are free, it is sometimes possible 
to use alkaline permanganate for the oxidation of specific groupings. 
1 ,2-3 , 4-Diisopropylidenpgalact osc (I) can be oxidised 2 ' 1 * to the correspond- 
ing uronie acid (11) : 
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(CH 


tooh 

(IB 

H-Methyl-L-xylonic acid is obtained from l,2-isopropylideue-3-methyl-n- 
glucofuranose by per m a n ganate oxidation and subsequent rcdurlinn of the 
xyluronic acid.* 04 

,M H. Stamm, Anjew. Chem., 4 ?, 791 (lUM). 

H. H. Willard and P. Young, J. Am. Chem. Hoc., 90, 1322 (1928). 

,0 *G. F. Smith and F. R. Duke, Ini l. Eng. Chem., Anal. Ed., 19, 6ISH (1911). 

1,1 C. Niemann and K. P. Link, J. Hint. Chem., It >4, 195, 743 (1931) 

*** W. Bosshard, Belv. Chim . Alia, 19, 956 (1935). See also example under Keto 
Acids and Aseorbie Adds, earlier in this chapter and also p. 280 
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Glucose cun be oxidised completely to carbon dioxide and water by hot 
alkaline solutions of potassium permanganate.* 0 * As the alkalinity increases 
above 0.03 N, oxalic acid is produced and in 1.8 N KOH, yields of 42% of 
oxalic acid are obtained. 106 Similar results ore obtained from other hexoses, 
pentoses and glyccnddehyde. 107 The ratio of carbon dioxide to oxalic acid 
differs for various sugars, but at high temperatures the differences become 
small. The polyols are oxidized to the same products as the sugars, and the 
effect of alkalinity is the same as for the corresponding sugars.* 06 Hence, it 
would appear that the sugars ure intermediate products in the oxidation. 
The equivalents of oxidant required for several carbohydrates are given 
in Table V. 

Alkaline permanganate at 0° acting on saccharic acid gives small yields 
of tartaric acid.* 00 

In neutral or slightly acid solution, at room temperature, the ease of 
reactivity 110 of a numlier ot sugars to permanganate is : 

Maltose > fructose > nrnhinosp > galactose > mannose > glucose > 
lactose ; /3-glucose > a-glucnsc. 

For fructose, the nniximul rate ot oxidation takes place at pH 3.5 to 4.5 
r. Silver Oxide 

Aldohexoses, Imetose, arahino.se, erythritol, glj eeraldehyde, saccharic 
acid and galactonic lactone an 1 oxidized by sib er oxide at 50° (' (in water 
or JV KOIh to carbon dioxide, oxalic acid, formic acid and glycolic acid. 111 

if. Copper Salts in Alkaline Solution 

The mast important methods tor the quantitative determination of re- 
ducing sugars are based on oxidation with hot ulkalinc solutions ot copper 
salts (see Chapter III). The composition ot the oxidation products has been 
investigated; in general, monoliasir acids with one to six carbon atoms are 
formed accompanied by oxalic arid, carbon dioxide and lactic acid. 

Copper sulfate in sodium curbonatc solution (Holduini’s reagent) oxidized 
glucose (at 100° (’. for H hours) to u mixture of acids, more than 00% of 
which are non-volatile. In t he non-volut ile fraction, ( he following acids were 
identified: gluconic, mannonic, D-arabonir, erythronir, threonic, glyceric 

A. Bmolka, MuruiUh. 8 , 1 (1887) 

Ml E. J. Witzemann, J . Am. C'/iom Sac., 88, ISO (1010). 

M * W. L. Evans and associates, J.Am. Chem Soc., 47, 3085 (1025); 47, 3008 (1025). 

W. L. Evans and C. W. Holt, J. Am. Chem. Soc., 47, 3102 (1025). 

E. Fischer and A. W. CroBsley, Ber., 87, 304 (1804). 

u * R. Kuhn and T. Wagner-JauiogR, Ber., 88, 1441 (1025). 

»“ H. Kiliani, Ann., 80S, 191 (1880); K. Drcycr, ibid., 41 d, 203 (1018), W. L. Evans 
and associates, J. Org Chem , 1 , 1 71036) 
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and glycolic acids . :u The same products are formed by the action of Fehling 
solution on glucose, u> although the Fehling solution has a higher alkali con- 
centration. From 190 g. of fructose, Nef reported the isolation of carbon 
dioxide (2.4 g.), formic acid (13.8 g.) and non-volatile acids (100 g ) com- 
posed of: glycolic arid (22 g.), glyceric acid (18 g.), trihydroxybutyric 
acids (35 g.) and aldohexonic acids (30 g.). According to Nef, iu the oxida- 
tion with copper acetate in neutral solution proceeds differently; much 
more oxygen is consumed, greater amounts of carbon dioxide are produced, 
and erytlironic acid seems to be the main oxidation product. 

In ammoniaral solutions of copper salts, the oxidation products are likely 
to contain nitrogen atoms. IU Glucose, fructose, and munnose give oxalic 
acid, imidazoles, IICN and urea. 

G. Microbial Oxidations. 11 ' Fermentative processes are of considerable 
value fur the production of carbohydrate materials or closely related sub- 
stances from carbohydrates. Large amounts of acetone, butyl alcohol, ethyl 
alcohol, acetic acid, luetic acid, citric acid, L-sorbose and gluconic acid are 
made industrially by fermentative methods. In fermentative process°s, 
oxidizing us well as reducing conditions may be employed. Laboratory and 
industrial preparations of many other substances such or glycols have been 
carried out. The oxidation of polyols to ketoses is considered elsewhere as a 
preparatory method for ketoses (p. 131), Microorganisms exhibit a marked 
specifieity in their choice of substrates and in the reaction products. This 
property is useful for the qualitative and quantitative determination of 
sugars (see p. 146), os well as for the identification of microorganisms. The 
formation of uronic acids and osoncs has been mentioned earlier. The 
present discussion a ill be limited to fermentative methods for the prepara- 
tion of aldonic and keto aldonir acids. 

Gluconic acid is produced by the action oi many species of bacteria and 
molds on glucose. 117 Enzymes, glucose dehydrogenases, from molds, bacteria 
and liver, apparently bring about this reaction. 11 ' Houtroux found gluconic 
acid to be a metabolic product of ucetic acid bacteria. Numerous bacteria 
and fungi oxidize glucose to gluconic acid, and the process is used far the 

,M F. W. Jensen and F. W. Upson, J. An. Chem. Sor., 47, 3010 (1025). 

»> K. Audeison, Am. Chem. J ,4», 40 (1000) ; J. U. Nef, Ann., 557, 214 (1007). Seo 
also J. Ilabrnuanii andM. Uonig, Monalsh., 5, 651 (1882); 5, 208 (1884). 

>" J. V. Nef, .Inn , 555, 332 (1004); 557, 250 (1907). 

1,1 J. Parimi and assoeiates, Compt. rend., 190, 328 (1930); 105, 1136 (1031); 500, 
1884 (1035), 5/0, CIO (1941). 

111 For n gennal summary of the subjert sop: J. K. Porler, “Bacterial Chemistry 
and Physiology,’’ p 806- 1030, John Wiley, New York (1046). 

,,T L. BnutioUN, Compt. rend., 91, 236 (1880); A J Brown, J. Chem. Hoc., 49, 172, 
435 (1886). 

ni See: W. Franke and F. Lorenz, Ann., SSI, 1 (1037). 
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commercial production of gluconic acid and its lactones and salts. Molds of 
species of Aspergillus and PenidlKvm are paiticularly suitable for large 
scale production. I T sing Aspergillus niger and feimentations under air pres- 
sure in rotating drums, yields of 90 to 99% of gluconic acid are obtained. 11 ' 
When culcium carbonate is present, calcium gluconate nil] crystallize 
directly. 

Some strains of A. ntgei w ill oxidize n-mannuHC to nmnuonic acid and 
n-galuctose to n-galartonic acid. 11 ' 1 Many species of Pseudomonas and also 
.Irrfobortrf xylinum will oxidize pentoses to the corresponding pcntonic 
acids. 121 The yields arc not always high but probably cun tie increased by 
improvements in the strains and in the cultural conditions. 

Aatobaeter niboxidans may oxidize glucose to 5-ketogluconieurid. 98 CJlu- 
r onic acid is 1 ormed initially und only suhseijiicntly is converted t o t lie 5-ket o 
acid. 2-Ketogluconic acid is foimed by some Aeelobarter species, but Pseu- 
domonas specie* give yields of over SO^/J ufter 25 hours when the solutions 
are strongly aerated in rotating drums.** 3 (Nee also under Keto acids.) 

,| * A. J.Miijim, 1\ A Wells, J . 1 . Stubbs, 11 T. Hetrick, amt 0 K.ttla,y, 1 ml. ting, 
('hem., 22, 7Ti il'IS7l, 10 A. (lustrork, N. Porgm, P. \ Wells anil V J Moyer, ibid., 
.10, 7H!i (1038), N. Purges. T. F. (’lark and 8 F Aronovsky, ibid (I, 10115 I IBID 

"'ll Knnliloeli and It Mnyrr, Rtorhem 7 , . .10", 2K5 (1911 1 

**> 1. B Lnckw mid ami (J14 N Nelson. J Hnrl , Hi 581 ll'llfil, (i. Beil rand, 
Cum pi mid., 127, 121,?* (1«*RI. 

*** J. J. Biublis, 1. B Lockwood, K T Hoc, B Yalmikin anil (< K Ward, Ind 
Eng. Clum , ,!?, I(i2(i (KUO); V J Klujvor ami A (< ,1 Rneranrilt, Her trar clnm , 
S7 , 609 (1938J ; K K.BullinamlW H I). Wince, ./ Sot Chrm hid, US, 303 (10301. 

*** L B Lockwood,!! Takenkin and Cl K Ward, J Bacl,\i,h\ (1941 1. 



Chapter VIII 

ETHERS. ANHYDRIDES AND UNSATCRATEI) DERIVATIVES 


External and internal ether derivatives are known. The external ethers, 
particularly the methyl ethers, are important for the determination of the 
structures of sugars and polysaccharides. Inner ethers, also known as 
anhydrides, are produced under dehydrating conditions such as may occur 
during the esterification of glykitols. Roth types of derivatives occur oc- 
casionally in natural products; methyl ethers of desoxysugars have been 
identifier! as the sugar portion of cardiac glycosides, and glykito) anhydrides 
(e.g., styracitol) occur in plants. 

(ilycals and glycoseens are sugar derivatives containing a single double 
bond. For glycols this double bond is formed by the formal removal of two 
OH groups from carton atoms 1 and 2; for the glycoseens H and OH are 
removed from neightoring carbon atoms with the formation of a double 
tond and nol an anhydrn ring. Unsaturoted derivatives such as furfural, 
levulinic acid and ascorbic acid are considered elsewhere. 

1. Ether Derivatives (External) 

'Die application of the usual alkylating procedures of organic chemistry 
to the sugars and derivatives gives sugar ethers. Except for the alkoxyl 
group on carbon one of the aldoses (the glycoaidic alkoxyl group in general), 
which is easily removed by acids, all the alkoxyl linkages are of the true 
ether type, and the groups arc very resistant to removal. This property has 
made the sugar ethers, and in particular the methyl ethers, of gnat im- 
portance for the struetural determination of the mono-, di- and poly- 
saccharides. Simpler metlusls for determination of structure, particularly 
periodic acid oxidation, arc now available for the simple glycosides and 
sugars, but the sugar ethers arc still of great importance in serving as 
reference compounds in structural studies of the compound sugare. Al- 
though many methylated carbohydrates have toen obtained in crystalline 
form, some of the more important ethers are known only as amorphous 
products. The use of the sirupy materials for identification purposes has, in 
a number of instances, led to erroneous assignments of structure. 

Instances are known 1 of removal of methyl groups, but under most 
conditions they may be assumed to remain in their original position. 
Drastic treatment with hydrogen iodide or with HBr-aoetic anhydride 

1 Sometimes a 2 -methyl group is lost in inasone formation; P. Brigl andB . Schinle, 
Brr.,8 1 , 1716 (106) ; E. G. V. Percival and J. C Somerville, J. Chen. Hoc., 1616 (1W7) 

646 
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removes the alkyl groups. 1 Hie benzyl ethers of the sugaro may he used to 
better advantage than the alkyl ethers when it iB desired to remove ether 
groups since catalytic hydrogenation removes benzyl groups with the 
formation of toluene. 1 Trityl ethers (triphenylmethane ethers) ore easily 
hydrolyzable and are widely used for the preparation of partially sub- 
stituted derivatives of carbohydrates. 

Polyinethylated carbohydrates usually display considerable solubility in 
water os well us in organic solvents except aliphatic hydrocarbons. Partially 
methylated celluloses may exhibit some peculiar solubility relationships and 
he soluble in cold and insoluble in hot water (see under methyloeUuloses). 

Several natural sugar ethers are found among the products of hydrolysis 
of digitalis glycosides. These are 3-methyl-D-fucobC (digiloloBc) and 2,6-di- 
desoxy-3-methylallose (eymnrose). lienzyl ethers of bacterial ilcxtran have 
been patented for use in adhesives, lacquers and the like. KtUylrcUulose is 
used industrially in various roatiug compositions and lncthylrcllulonc as a 
water-soluble protective colloid. 

The allyl ethers of sugars and glycosides polymerize in tire presence of 
oxygen. They are prepared best by treatment of glycohides with allyl 
bromide and alkali. Allyl tetroallyl-a-D-glucoside is a colorless sirup. 4 

A. Alkylation Methods. The most widely used procedure fur alkylation 
depends on the action of dimethyl sulfate and 30% sodium hydroxide. 
Applied first by Denham mid Woodhousc® to the metbylatiun oi cellulose, 
it was shown by Haworth 1 to tie applicable to the simple sugars and gly- 
cosides. This method was utilized by Haw orth, Hirst and associates in their 
extensive structural investigations. The procedure has the advantage of 
cheapness, of the solubility of the sugars in the reagents and of direct appli- 
cation not only to the glycosides but also to the sugars and to their nrctyl 
derivatives. Acetyl groups art' saponified under the conditions of tlie reac- 
tion and replaced by mothoxyl groups. This modified procedure is of 
particular importance for the polysaccharides since the acetates arc more 



|CHJ e 5Q 4 + HnOH 
or 

AflgO + GH 3 I 



Methyl a-gluroBirte 


Methyl totiamethyl-a-glueoBidc 


1 J. C. Irvine and A. Hynd, J . Chcm. Soc. f 101 , 1145 (1012); K. Hobs and F. Neu- 
mann, Bet , 05, 1371 (1035) 

1 K. Fieudenberg, II. Toepffer and C C AndeiHen, llcr , 07, 1750 (102R) 

4 E. A. Talley, M I) Vale and E. Yanovahy, J Am. Chcm Soc. t 07, 2037 (1045). 

* W. K. Denham and II. Woodlirmhe, J. Chtm Sot , 103, 1735 (1013). 

• W. N. Huh 04 th, J . Chcm, Soc., 707, 13 (1015). 
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soluble in organic solvents than are the unBubstituted substances. Some 
improvements in the original procedure have been described.* 

The well known reagent of Purdic (alkyl iodide and silver oxide) also 
may be applied to the alkylation of sugar derivatives. 1 Sugars with a free 
reducing group must be converted first to glycosides because of the oxidis- 
ing action of the silver oxide. Other limitations are the cost of the reagents, 
the insolubility of many sugar derivatives in Iho methyl iodide, and the 
number of treatments with the reagent, often six or more, neressary for 
complete mcthylation. By the addition of methyl alcohol, dissolution may 
be aided. The number of treatments required may lie reduced by a pre- 
liminary applieation of the Haworth procedure. 

In the above methods, particularly for sluggishly reacting compounds 
like pentnmcthylmannitol or partially methylated polyRareharidcs, much 
of the reagent is expended in forming methanol and methyl ether as a 
result of reaction of the alkylating agent with solvent or with by-products 
of the reaction (water). Often the mcthylation becomes very inefficient or 
foils to reach completion. 

Modifications of the Williamson ether synthesis give better results than 
the above methods, but the synthesis is difficult to apply because of the 
low solubility of many carbohydrates in solvents inert to sodium. 

2HOII + 2Xa -* 2KOKa + II, 

HOVa + C'JF.I v n»t 'II, + X*1 

Freudenberg and Ili\on 9 applied the Williamson synthesis to diisopro- 
pylidenefractose anil prepared the sodium derivative by reaction with 
sodium in benzene solution. The sodium derivative reacted with methyl 
iodide to give 3-melhyl-diisopropylidenefruetosc. 

I I I 

llUOU llt’ONtt HCOClli 


A solvent of much greater versatility for the preparation of sodium 
derivatives of carbohydrates is liquid ammonia. Schmid and associates 10 
showed that the liquid ammouia technique of Kraus and White 11 could be 
used to prepare sodium derivatives of carbohydrates. Muskat prepared the 
sodium derivatives of sugars; after removal of the liquid ammonia, the 

7 E. S. West and It. F. Holden, J Am Chem Hoc , 66, 030 (19341; J. Y. Mac- 
donald, ibid , 57, 771 (1035; 

* T. Purdie and J. 0. Irvine, J. Chun. Hot , 80, 1021 (1003). 

•K. Freudenberg and It. Uixon, Ber., 68, 2125 (1023) ;E.Pai'BU and S. M. Triater, 
J. Am. Chem. Hoc., 61, 2412 (1030) 

>• L. Schmid and B. Becker, Bn , 68, 1060 (1025). 

11 0. A. Kraus and G. F. White, J. Am. Chem. Hoc., ifi, 760 (1923). 



('HB1UHTKY OF THK OAKBOHYDRATWK 


Mb 

products were resuspended in an inert solvent and alkylated with methyl 
iodide. Potassium and lithium derivatives also were mode by Muskat. 11 

The liquid ammonia method enables the completion of the inethylation 
process often in three or four operations. With polyols, the mono- and di- 
sodium derivatives are so insoluble, that It is preferable to commence with 
the Haworth procedure and then change to the liquid ammonia method. 

Thallium baits of glycosides, made by treatment, of glycosides with 
aqueous thalloub hydroxide, react w’ith methyl iodide to give methyl 
ethers. 1 ’ 

Diazoinethane partially methylates starch, lichrnin and inulin (30 to 
S0% oi theory) but has no effect on cellulose. 1 ’ 

The hydroxyls other than the hemiacetal hydroxyl do not exhibit con- 
siderable preferential reaction with the Haworth reagent (methyl sulfate 
and alkali) or the Purdie reagent (silver oxide and methyl iodide) and 
partial methylation leads usually to mixtures. A belter method of pre- 
paring partially methylated sugars consists in blocking nil of the groups 
which an* to lie free in the final product, then methylating the compound 
and finally removing the blocking groups. Working groups must lx* able 
to withstand the methylating conditions without hydrolysis; for the Ha- 
worth procedure, the isopropylidene and benzylidene derivatives, stable to 
alkaline condition*, and removed by acids, are often of value. The 3-methyl 
glucose (III i is synthesized by the methylation of 1 ,2 5,f»-isopropylidcnc- 
glurofuianobc (diaectonc glucose) (1); as the only free hydroxyl is at 
carbon 3, the 3-methyl derivative dl ) is formed Aeiil hydrolysis then 
removes the isopropylidene groups 



ID dl <■> 


B. Trityl Derivatives. Triphcnylmethyl chloride, (CVUiM’-Cl, was shown 
by Helferieh and associates 11 to react with sugars, glycosides and derivatives 
to form the triphcnylmethyl ethers, commonly railed trityl derivative. 
The leagrat exhibits a marked difference in the rate of reactivity for the 
primary and secondary alcoholic hydroxyls of the sugar molecule, and oim- 

11 1 K Muskat, J Am. Chi hi Sue , 50, 2440 0 934); N Knltzhcra. I 1 N Patent 
2,234,290, Mai eh 11, 1938 

11 M Fear anil 11 Mpnzii'N, J Chem Nor , 937 (1020) 

>« L Schmid, Her , 58 , 1903 (1925). 

>■ H Ilellerirh, P. E. Spcidel and W Toeldte, Her , 50, 766 (1923); R Helfrrtch, 
X mgav Chum ,41, 871 (1928) 
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ditions often may be selected for bringing about reactions with the primary 
groups alone. For the hexose sugars, the G-trityl derivatives are produced by 
reaction with trityl chloride or bromide in pyridine solution. 1 ' 


Methyl i-galMiD*<da 


pyridina 

ic,H,) t e-w 


HrfOWQrt), 


Under mure prolonged 1 real men t particularly when no primary alcoholic 
groups are present in the molecule, as for the methyl pentopyranosides and 
O-desoxykcxoirfdcH, reaction with secondary hydroxyls occurs with the 
formation of mono- and di-trityl derivatives. 17 As shown by studies of the 
rate of oxidation with lead tetraacetate, the methyl monotrityl-0-L-fueosidr 
lias the trityl group attached to carbon 2. The two known methyl mono 
trityl-|9-D-arahinosiden have the trityl groups at carbons 2 and 3 " 


Tabi.k 1 

Rate of Reaction of Suyar Denrn Itvm with Tnlyl Chlwidt 


SubiUnrr 

Git oh of Trityl 
Chloride 

A 

1 2 3 l-lViiHopmpvlidpUPptlitrhipvriinimu 

! 1 fold 

0 014 


‘ S fold 

o m 

2,3 4,0 DiiboptopxluIrncHuilmlurHnimf 

4 fold 

0 0052 


Mold 

0 . 00*5 

1 .J^.iUniiHtipropylnlrnrKlurDfuiiuKiHP 

1 fold 

0 00012 


S fold 

0 00016 


The rates of reaction of triplicnylmethyl chloride with several character- 
istic compounds are given 1 ' in Table l, which uIho illustrates the effect of 
the trityl chloride concentration. For the 8-fold excess, the primary alco- 
holic group of the galactose derivative reacts 22(1 time's as rapidly as the 
secondary alcoholic group of the glucose derivative. However, the difference 
between the primary alcoholic group of the sorlmse derivative and the 
secondary hydroxyl of the glucose derivative is only 34 times. 

This kinetic comparison is made lx 1 tween primary' hydroxyl groups and 
ring secondary groups. Since a considerable portion of the ilitfcrenre may 
arise from Bteric factors, the difference between acyclic primary and 

”1). D. Reynolds aud W. L. Kvaiih ,J. .1m. Che m. Sot , 60, 256 9 fllKte). 

17 R. C.Uuckrtt and C. 8. Hudson, J. Am. Chtm. Soc .. 66, 945 (11184); £ L. Jack- 
son, R. C. Uorkctt and C. 8. Hudson, t bid., 66, 917 (1984). 

»R. C. Hoeketl and I) P. Muwrry, Jr., J. Am. Ch m. Soc., 66, 1U3 (1913) 
uR.C.lIofkctt.H.K. Fletcher, Jr ,andJ Ames, J .Am.Chrm.Snc .53,2510(1941). 
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secondary hydroxyl groups may not be as great, and it is possible that 
certain secondary hydroxyls, e.g., that in isopropyl alcohol, may actually 
react foster than some primary hydroxyls. 

The reagent reacts with both primary hydroxyls of fructose, but by use 
of the proper proportions, mono- or di-tritylfructose is formed. 1 ' All of the 
primary hydroxyls of di- and tri-sacchuridcs react easily, and the reaction 
is sometimes used to determine the monitor of such groups in the molecule 11 
(see also under Nucleosides). 



(I) (I) (V) IB) 


The trityl derivatives have tlieir greatest value for the preparation of 
acetylated sugars in w hich the primary liydrovyl groups are unsuhstituted 
(II) and for the corresponding halogen derivatives (III). The acetylaldo- 
hexoses with unsubstituted primary hydroxyls are important intermediates 
in the preparation of disarrharides of the gentinhioso type (see Chapter X) 
and of 6-methyl sugars. 

2. Carbohydrate Inner Ethers (Anhydrides ) 2li> 

The carbohydrate inner ethers, also known as anhydrides, contain stable 
five- and Hix-membered rings formed by internal etherification lietwoon two 
nonglyeosidir hydroxyl groups. 

Compounds w ith fivc-moinlxTrd rings an* the most important. Alcohols, 
sugars, mono- and di-luisic acids with this ring structure are known. Since 
the stereochemistry of the stable ether rings is common to nil classes, it is 
convenient to treat them together. Particularly in the six-carbon series, 
the 3,6-anhydro ring governs the structure so that the anhydro ring takes 
on the eliararter of the principal ring struetun*, to which the ordinary 
pyranose or furanose ring is only subsidiary. 22 In this important respect the 
ordinary sugar inner ethera differ from the glycosans as well as those of the 
ethylene oxide type. In thr two latter types the characteristic ring is labile 
and, in the case of the glycosans and 1 , 2-epoxides, involves the principal 
carbonyl function. Compounds of all three types in the sugar series have 
been classed as anhydro sugars (see Glycosans). 

*°B. Helforirli, J. prakl. Chem , |2| 147, GO (I93G-37) 

* K. Josephsuu, Ann., 47t, 230 (1029J. 

111 This section was prepared by 1 he late it. Max (locpp, Jr. 

# W. N Haworth, L X. Owen and P. Smith, J. Chtm. Sor., 88 (19-tlj. 
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A. Five-membered Rings. 1,4 and 3,6 Types. Eiythritol given a sirupy 
1 ,• 4-anhydridc on beating with dilute sulfuric acid or with phosphoric 
arid and subsequent saponification of the monophosphate ester.* 4 


GHcOH CM-OH 



1 ,4-Krythritsn 1,4-Sorlrilan 1 ,4-Mannitan 


As Bhown by the early v ork of Houchardat, Bcrthclot and Vignon, under 
etherifying or anhydridizing conditions as by heating with mineral acids, 
alkalies, or organic acids, the hexitoln give rise to a complex mixture of 
inner ethers, including both mono- and di-anhydrides.* 4 The monoanhy- 
drides are kno^n as glykitans. If only one mole of water is removed per 
mole of hexitol, crystalline 1 ,4-sorbiton can be obtained from sorbitol, and 
1 ,4-monnitan from mannitol. With mannitol some external etherification 
occurs. Sinipy mono and dionhydro products of xylitol have been descrilied. 

The 3 , G-sorbitan 26 and 3,G-rannnitan” (identical with 1,4-nuinnitan) 
inherit the structural proof of their related onhydro sugars described later. 
The configuration of 1,4-sorhitan (also called arlitan) was derived from 
that of the well established 2,3,5,0-tetramethyl-D-glucofuranoHC, by re- 
ducing the furanose to the corresponding tetramethylsorbitol, and an- 
hydridizing tlie latter to 2,3,5,(i-tetramethyl-l,4-anhydroHorbitol. This 
was identical with tctramethylarlitan.’ 7 

1 ,4-Mannitan is also obtained, as u dilienzoyl derivative, by heating 
1 , (i-dibenzoylmannitol in acetylene tetrachloride; migration of one of the 
benzoyl groups to the carbon 2 (or 5) takes place and other anhydru 
products are formed.** 

“ A. Ilenningcr, Ann. ihim. phye., [6)7,224 (1886); P. Carre, .Inn. rhim. phy 
18] S, 345-432 (1005). 

H flee. “Beil steins llandburh tier organiechen Chemie", Vol. J, p. 538-540 (1018) 
Also: J. Muller and IT. Hoffmann, U. N. Patent 1,757,468, May 6, 1030; S. Soltzberg, 
U. S. Patent 2,300,305, Dec. 4, 1045; F. Grandel, U. 8. Patent 2,375,015, May 15, 1045 

■ E. Fischer and K. Zach, Ber., 2068 (1012). 

*• F. Valentin, Collection Ceechotlov. Chem. Commune., 8, 35 (1036). 

11 S. Soltiborg, W. Freudcnberg and R. M. Goepp, J. Am. Chem, Soc., 88, 010 
(1046). 

n a. P. Brigl and H. Gruncr, Ber., 88 , 1045 (1033) ; 67, 1582 (1031) ; b. R. C. Hockett, 
H. O. Fletcher, E. L. Sheffield, R. M. Goepp and S. Soltzberg, J. Am. Chrm. Hoe., 
88 , 030 (1046). 
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Directed syntheses, ** applicable to the sugars, involve removal by the 
action of alkali of 6-bromo, 6-tosyl, 6-sulfate, or 6-nitro groups from a 
methyl aldohexoeide derivative containing a free or acetylated hydroxyl 
at carbon 3. 


OAo M 

OCMj 

Methyl fl-biomo tiiaeelyl n D-Kliicdsiilr Methyl J t> mihydro a n-cluroHidr 

Although the 6-ring in th(‘ dieyclie ivnhydro glurnsidr is strained, the 
compound is distillable under diminished pressure. Acid hydrolysis yields 
the free 3,6-anhydroglucose, which is reducible to 3 ,6-surbitan and oxidiz- 
able to 3,6-anhydrogliironir acid. 3 ’* p The struct mv of 3,6-anliydroglucose 
was proved by its synthesis from B-tosyl-l ,2-isoprnpylidene-glucose, known 
to haw a furnuose structure and hence having only one available hy- 
droxyP 1 ' other than that at rarbon 5. (The 5,0-anhydride is n different 
compound, see p. 361 ). 



OCM, 


f 

HCO* 

| C(CH,), . 

HWK* A 

j W h}drol\ni_ ^ 

Horn 

i 

lie 1 

I 

II ('Oil 

I 

f'll.OTs 


II CO- 

| C(('ll|l> 

HC(K 

I , 

I | 

I 

HCOII 

! I 

1 — GUj 


Applied to methyl (t-D-imnnupyrannside 35 IU or to 1 ,5-mannitan, 111 the 
Fischcr-Jiach synthesis yielded the corresponding 3 , G-anhydro derivative, 
although in this case the steiieally possible 2, 6-ring closure would haw 
given a dicyclic structure with strainless six-membered rings. 

Onec formed, the stable, comparatively rigid five-membered ring in the 
3,(i-anhydro compounds strongly influences their class behavior. Where 
the hydroxyl on carbon four is available, as with compounds of the gliico 

11 a. E. Fischer and K. Zacli, Btr., 46 , 456 (1012;; b. II. Okie, L. von Vargha, and 
II Erlbarh, Her., 61, 1211 (192S); c. W. N. Haworth, J. Jackson and F. Smith, J . 
Che m. Sac., 620 (1040); d. E. G. V. Porcival, J. Chrm Soc., 110 (1045); o. E. K. Glad 
ding and C. 11. Purves, J Am.Chem Soc., 61, 76(1914). 

"IC Hockett and E L. Sheffield, J. Am. Cbm. Soc., 63, 037 (1946) 
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and manno configuration, a second flve-membered ring can be closed. 
ThuR, 3,6-sorbitan and -mannitan give the 1 ,4-3,6-hexides (isosorbide 11 
and isomannide) ;** 3,0-anhydroglucose and mannose give the furunose or 
methyl furanoside, and 3,6-anhydroghironic arid yields the v-lactonc” 

CHO (OH, OH C’OOH 

I 

HCOH 

I 

■ Oil 

I I 

0 (HCOH), 

| I 

under the appropriate conditions. Free 3,0-anhydrogulactosc, or the 
rorresponding acid, however, cannot pIorc the relatively struinless fur- 
anoside or gamma ring, since the hydroxy] ut carbon 4 is now on the op- 
posite Bide of the principal ring. Accordingly, the open chain forms are 
now the more stable, so that glycosidation yields the dimethyl acetal,* 2 
and the anhydrogalactonic arid showR little tendency to larlonize. In the 
rase of the corresponding 2,4-dimcthyl ether derivatives, however, the 
ring closure to the 5-lactone or to the methyl pyranoside can be forced. 
With the pyranoside, the driving force of conversion from the dimethyl 
acetal scorns to lie the much stronger crystallizing power of the methyl 
pyranoside. 12 The methyl 2,4-dimethyl-3,6-anhydro-a-i>-gluc i opyranoside 
is isomerized directly to the methyl 2 , 4 -dimethyl-3 , 6-anhydro-0-D-gluco- 
pyranosidc without loss of methyl group. Furthermore, the methyl 3,6-an- 
hydro-a and 0-glucopyranosidcH can be changed to the corresponding fu- 
ranoside forms, without formation of free sugar, and without change of 
configuration at carbon one. These transformations are carried out pref- 
erably in absence of water since aqueous sulfuric acid tends to lorm the 
five anhydroglucose The 3,(i-rings are iormod in the hydrolysis of the 
3- and U-sulfute esters of o-glucose derivatives even when it is possible to 
form ethylene oxide lingH.** 

The inner ether ring in methyl 3 , G-anhydro-0-D-galaptopyranoside may 
be split by vigorous acetolysis, using acetic anhydride and sulfuric acid, 
to give heptaaoctyl-D , L-galoet use . 14 

« L. F. Wiggins, J. Chen Hoe., 4 (1W5). 

•» W. N. Haworth, J. Jackson and F. Hun Ik, J. Chun. Hoc , 620 (1040) 

» E. ti. V. Percival, J. Chen. So-., 110 (1045). 

M T. L. Cottrell and E. Q. V. Percival, S. Cham. Nor., 740 (ID 12). 
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B. Isohexides (1,4-3,6-Hexides). The 1,4-3,6-dianhydridrs or iso- 
hexidcs nf mannitol, sorbitol and iditol are obtainable by the direct acid- 
catalysed anhydrization of the parent hexitols or of the intermediate 
1 ,4 or 3 , O-hexitans. This synthesis constitutes proof of structure for iso- 
sorbide. 



110 OH 

I 

HO 

I 

neon 

I 

CHiOii 


1 , 1 Sorbitan 


0 


0 


CJh — | 

I \ 

HCOH | 

— on 

I 

HO 

I 

neon 

I 

— CH, 


1 1 4-3 1 0 Sorbido 
(isosorbide) 


011,011 

l 

HCOH 

I 

— on 

I 

neon 
o I 

1IC01I 

I 

CH, 

3,6 Sorbitan 


Independent proof of tlic 1,4- 3,0 structure for isoinannide has lieen 
given by Wiggins.* 1 The corresponding 1 ,4 3,0-L-idide is likewise obtain- 
able by the catalytic isomerization of both D-isomuimide and o-isosorbide 
over Itaney nickel, under hydrogen pressure at 200 o C. Mb As L-iditol is the 
only other licxitol epimeric with D-mannitol and D-sorbitol at carbons 2 
and 5, this transformation affords proof of the idide configuration. 


H( 


C1I, — I 

I 

'Oil 


0 


1,4-3, 6-Dianhy dro-D - 
surbitol (UoBoibido) 


CH.— 

i 

hoch 

I 


1 ,4-3 , 6-Dianhy dro-D - 
mannitol (isomannide) 


CH , 

1 1 

r CH 

1 


1 1 
HC 1 

1 

IIC 


o 1 c 

) 1 o 

HCOH 

| 

1I00II 

1 

CH, 

cm, l 


Vlh— i 

I 

neon 

I 

— cn 

I 

HC — 

I 

noni 

I 

CH, 

1 , 4-3 , 6-Dianhydrn- 

L-iditul 


C. 2,5-Anhydro Compounds. Splitting out water from two secondary 
hydroxyl groups requires that one or the other contribute a hydroxyl 
group, hence that the carbon-oxygen bond be broken. In such a case, 
Walden inversion frequently occurs at the carbon atom concerned (see 
under Tosyl and Sulfate esters). With D-mannitol, symmetry is such that 


JU H. 0. Fletcher, Jr., and K Mux (ioepp, Jr , J. Am Chem Sue., 08, 931) (1046). 
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inversion or epimeruation at either carbon 2 or carbon 5 leads to the gluco 
configuration, or sorbitol. Accordingly, acid catalysed 2,5-anhydrization 


CHjOBz 

I 

HOCH 

I 

HOCII 

I 

HCOH 

I 

(I) HCOH 

I 

CHjODfi 


1 ,6-Oibenzoyl-u- 
monnitol 


CIIjOBi 

I 

HO 1 

HOCH 

I o 

IICOH 

I 

(II) HC 1 

I 

ClI,OBz 


2 ,5-Anhydrosorbitol 
1 jG-dibenzoatr 


KlffnOi 


C LlsOBz 


I 

IIC 

I 

CO 

/ 

0 0 

\ 

(III) C*0 

I 

HC 

I 

CH.OBz 

+ 

CH.OBz 

I 

HC , 

I 

(HO)iCH I 

0 

Hio.ch I 

I 

HC 1 

I 

(iv) cn.oBz 


of l,G-dil)enzoylinannitol (I) would give rise solely to the 1 , 6-dibenzoyl- 
2,5-borbitan (II), if the blocking groups on the primary hydroxyls did not 
migrate. A crystalline 2 , 5-hexitan 1 , G-dil>enzoate has in fact lieen obtained. 
The Rorbiton configuration is made very probable by the permanganate 
oxidation of the hexitan diester (II) to an optically inactive ether glyceric 
acid anhydride dioster (III), and a similarly inactive glyceraldchyde ether 
dihonzoatc dihydrate, (IV). Destruction of asymmetry At carbons 3 and 4 
allows (III) and (IV) to liecome inactive by internal compensation, and 
this is possible only if the C-O-linkagcs in (III) and (IV) are on the same 
side, ns shown.**- * 

The 2 , 5-anbydroiditol is known in the form of its 1-tosyl, 1,6-ditoeyl, 
and 1,6-diiodo derivatives. It was obtained by the add hydrolysis of 
1 -tosyl-2 , 4-benzylidene-5 , G-anhydrosorbit ul. Pi-csumably the hydroxyl on 
carbon 2, set free by the hydrolysis, opens the ethylene oxide ring at 5,0. 
Since the ditosyl derivative oi the anhydride is split by lead tetraacetate to 

"It, C, Uorkctt, M. Zitl and R. M. Gocpp, J. Am. Chcm. So c., 88, 933 (1918). 
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give an optically active product," Walden inversion must have occurred 
at carbon 5. It is noteworthy that the related 1 , 3-2 , 4-diethylidene-6 , 6- 



anhydrosorbitol ie> split by dilutr acetic acid without anhydro formation. 
In this case tlie ethylene oxide ring may 1 k> opened lief ore the hydroxyl at 
rarlwn 2 is set free 

Wlien ring closure is I tot ween n primary and a secondary hydroxyl, as 
in the 3,6-anhydrides, rupture of the O-Oll linkage could occur at either 
the primary or the secondary hydroxyl, and inversion eould follow only 
rupture at tlie secondary hydroxyl. When a bromine atom or tosyloxy 
group is split off from the terininul carbon the oxygen must remain nit ached 
to the secondary rarlxm 3, as in 1 he 3 , 6 series. Hence, no inversion con occur 

The Bix-carbon sugars and mono and dibasic acids ol the 2,5-anhydro 
series arc obtained by treating the oiien-rhuiu 2-hrxnsamincs and their 
related aldohexonir acids with nitrous acid. Wulilen inversion at curlsm 2 
takes place in certain eases, but uot in others, so that the final configura- 
tions must be established by independent methods. l<evenc has made the 
major contribution in this field, i olio wing the pioneering work of E. 
Fischer.” The relationships between the various products is shown in 
Table II. 

Bromine oxidation of a hexosominc to the corresponding uldonic ucid 
amine (uldosuminic acid) allows deamination to proceed without inversion 
at rurbou two, giving the rorresponding 2,5-anhydroaldonic acid, con- 
vertible by uitric acid oxidation to the related 2,5-anhydrusaceliaric ucid. 
If, however, the original amino sugar is deaminated, inversion occurs at 
carbon two, and 2,5-anhydru sugars, further oxidizahlc by bromine to the 
2,5-anhydro aldonic acids, are obtained. Direct nitric acid oxidation of a 
hexosamine therefore leads to a 2,5-auhydrosuceharic acid with configura- 
tion inverted at carbon 2, since nitrouB acid is always present during tlio 
reaction. Isosacchario acid Was so named before its anhydro character was 
recognised. 

M I., von Vargha, Bar., 68 , 1877 (1036); L. von Vargha and T. PuaUta, Bar., 76, 
860 (1043). 

17 P. A. J-evene, Biochem. Z., tH, 37 (1021); E. Kbehar aafl powtirken, Ber., tt, 
188 (1804); 96 , 2688 0003) 
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Levcne ratablisiied the mp figuration of epis&cchnnc acid as 2, 5-anhydro- 
glucaric acid by comparing it with the synthetic en&ntiomoiph, prepared 
from n-xylose by the cyanohydrin synthesis. 
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u-idarir acid acid mninic arid gularic (2,5- 

anhydro-L- 
glucaric) acid 

The product of this synthesis enn have either the* d -yulo (n-gluro) or 
D-ido configuration whereas isosaecharic and epiisosaccharic acids can have 
only the d -manno or n-gluco (h-gulv) configuration. Hence, regardless of the 
configuration of any of the intermediate products, if the dibasic end-produet 
is the enantiomurph of either isosaecharic or epiisosaccharic acid, it must 
have the L-yhtco (n-gulo) structure. In actual fact, Iivene found the 
following: 


Epiisosarrharir 1 


Free Acid 


Arid PntiuMiuni 
Salt 


Munohydrate from are torn 1 , 
ni p. 160°C., water free 
fnr| J + 39.7 (water) 

[qe]d + 38 5 (waler) 


iROsarcharic acid inclta at 1K5T., and has [a]f + 


2,5-Anhydro l gluro- 
sarrhaiic (irglucaric) 
Crystals from neeteme, m.p. 
163T 


[a]* — 38.8 (water) 
Monohydrate, [u]* — 38.1 
(water) 


16.1 


From this, epiisosaccharic acid is accorded the 2 , 5-nnhydro-D-fif!uc0- 
saccharic configuration, so that isosaccharic acid is the 2,5-anhydro-D- 
manno isomer. 

It remains to be explained, however, why the same anhydro acids results 
from both epichitosominic acid and its lactone, whereas in the case of the 
n-hexosamuiic acids prepared from D-xylose, the lactone of the dextro 
2-epimer and the free acid of the Icvo epimer both give the same 2,5- 
anhydro-L-saecharic acid. In the case of the hoxosuminic acids from xylose, 
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a Walden inversion must have occurred in the cose of either the ketone 
or the free acid, but not in both. Peat" explains the Walden inversion 
in the chitosaminc — » chitose reaction as an electronic shift when by, in 
effect, the pyranosc ring oxygen transfers its allegiance from carbon 1 to 
carbon 2, with accompanying inversion, as a result of diazunium formation 


♦ M*4 H* 



on the amino group at carbon 2. According to this mechanism, the pyranosc 
ring oxygen induces inversion regardless of the configuration at rarbon 2. 

Cliifosc and epiehit one have not licrn adequately characterized as 2,5- 
anhydro uldohexoses. A methyl rhitoside has been reported," hut chitose 
is uuRxplicably resistant to sodium amalgam reduction." (See also, p. 414.) 

Ilemiacctalization for cliitose Mould lie possible only at carbon 4, giving 
a highly strained 2,5 1 ,4 structure in equilibrium with the aldehydo form, 
so that the latter should be the more stable modification. Also, it should 
lie remembered that treat ment of nonaromatic amino compounds with 
nitrous acid giveB rise not only to the corresponding hydroxy derivative but 
ulso to isomeric hydroxy compounds, and to olefins. When ring closure is 
possible, as between a preexisting hydroxyl or one formed by the deamina- 
tion, cyclic ethers or olefin oxides can also form. Thus 1 ,4-diammobutanc 
yields J ,4-hultuiediol, 1 ,3-hut anediol, l-butcnr-4-ol, 1,3-butadiene, and 
tetrahydrofurau. 11 1 ,4-lMaminocyelohexane gives 4-aminorydohcxanol, 
cyclohexylamiue-3, 1-ene, and dihydrolienzene. 12 Monoethanolamine gives 
acetaldehyde (vinyl alcohol), and l-aiumopropauc-2 ,3-diol forms a reducing 
compound, believed to lie n mixture of dihydroxyacetone and glyoeral- 
dehyde; ethylenedianu'ne yields ethylene oxide. Deamination thus re- 
sembles in sex'eral assets the hydrolysis of inorganic esters and halohydrius. 

D. 1,5-Ether Rings. Only the pnlyhydric alcohols are represented in this 
group. (In the sugar series these would lie pyranoscs and in the acid series 
j-lactones.) Styruoitol (1 ,5-D-mannitan) u and polygalilnl (1 ,5-D-sorbi- 

“ H. Peat, Ativan m< in Caibohydintc Chun., t, 03 (1910). 

•• C. Neither*, Ber., ill, 4009 (1902). 

41 R. O. Hnckelt, Private Communication. 

41 N. DcmyanolT, J. Rum. Fhy*. (’hem. Roe,, &4, 340 (1092); J. Chcm. Soe. (Abel.), 
04, 453 (1893). 

41 W. A. Noyes and 11. II. Ballard, Bee., 17 . 1460 (1801). 

° Y. Aaahina, Ber., Ifi, 2300 (1912). 
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Ian) 44 occur naturally in several plant species. They have been synthesised 
from tetraacetyl-1 ,2-D-ghiooseen by catalytic hydrogenation. Zervas 44 who 
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first carried out the synthesis, isolated only the inannitiui isomer eorre- 
sponding to tctraaeetylstyracitol. The other predicted 2-epiiuer, polygalitol , 
waR found in the mother liquors in much smaller amounts by Kiehtmyer, 
Carr and Hudson. 1 * The synthesis established everything Imt (he con 
figuration at carbon two Polygalitol was then proved to have the D-j/faro 
configuration by deriving it from acetobromoglueuse through a series ot 
reactions involving only carbon 1 . 

A 2-desoxy-l ,5-hexitan (hydroglucal) is obtained from the hydro- 
genation of glucal triacetate and subsequent hydrolysis ot the sirapy 
hydroglucal triacetate to the free hydroglucal. 
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Hydroglucal melts at 86°-87"(\, lias [ajJ,* + 16.4, and is very hygro- 
scopic. Although a second 3 ,6-ring closure would be possible, the compound 
is not uttacked by boiling concentrated hydrochloric acid. In its solubility 
behavior, hydroglucal resembles the hexideB (dianhydro derivatives) more 

*' J Sbmutla, 8. Sato and D. Sato, Ber., OB, 1216 (10321. 

<* L. Zorvns, Btr., OS, 16S0 (1030b 

" N. K Richtmyer, C. J. Carr and C. S. Hudson, J. Am Chem. Hoc , OB, 1177 
(1048). 
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than the bexitans (monoanhydro derivatives), since it dissolves readily in 
acetone, and has some solubility in bensene . 47 

E. Epoxy Derivatives. Anhydride rings formed between contiguous 
hydroxyl groups an* of the ethylene oxide type and as a whole are the most 
reactive type. Such rings are the usual type formed when toByloxy groups 
an* removed pn Aided that adjacent! free hydroxyls ore present and that 
the groups involved have a tram relation. (For a more detailed diheussion, 
set* under Tosyl Esters.) 

The reactions of 1 ,2-isopropylidene-S , (i-anhydroghicofuranoae have Ixsen 
extensively investigated by Ohle and associates. For this substance, the 
anion adds to carbon 6, and O-subsfi tilled glucose ethers an* formed; no 
Walden inversion occurs because this carbon is not asymmetric. The reac- 
tion with the stslium alcoliolates (RONa) gives the fallowing O-suhstituted 
ether derivatives; 6-metliyl, 6-ethyl, 6-propyl, andC-hensyl-isopropylidene- 
glucoses. 18 Fusion with phenols leads to the 0-plienyl ether derivatives, 4 * 
and fusion with various amines gives the corresponding amineB, 18 e.g., 
O-diphenylamino-iHopropylideneglucofuranose. The reaction provides a new 
meanB of conjugating amino ncids with sugars, and, by the reaction with 
alanine ester followed by neid hydrolysis, 6-N-alaninn-D-gliicoHc is ob- 
tained. 81 The preparation of O-acylglueoaes is rarried out by heating the 
1 , 2-isoprop.v lidene-5 , 6-unhvdro-D-glucof uranose with carlmxylie acids in 
the presence of a small amount of pyridine; the 6-thioalkyl derivatives are 
produced by the action of mercaptans nr hydrogen sulfide dissolved in 
Istrium hydio\idr 87 Other anhydro sugars of this type have not lieen us 
well studied hut appear to react in analogous fashion The reaction with 
ammonia, leading to amino Hugars, is of particular importance for tht 
preparation and study of the configuration of the amino sugars (Bee 
Chapter IX). 

When the anhydro ring connects two asymmetric carbons, cleavage of 
the ring may take place at either of thebonds (C’ 4) -l') with inversion, 
and two products are generally formed. For instance, the cleavage of the 
ethylene-oxide ring of methyl 2 , S-onliydro-a-D-ulloside by ammonia may 
take place with inversion at carbon 2 to give methyl 2-amino-a-D-altroside 
or at carbon 3 to give methyl 3-amino-a-D-glucoside. ,> (The reaction was 
carried out for the 4,6-liensylidene derivatives.) Isbell 8 ' explains the rcae- 

*’ E Fisrlipi , Ht i , 47, 106 (1914); M. Dergmann and W Kreudenlierg, tbid , 61, 
2783 (1029) 

111 II Ohle and K Tewuuai, Htr , 71, 1843 (1998) 

"•11 Ohle, K Kuln anil H VoulMme, Btr., 71, 2250 (1938) 

*• II. Ohle i( at.. «<»., 71, 27 (1938); 89 , 1636 (1936) 

81 11 Helleiirh and H. Mittag, Bet., 71 , 1585 (1038). 

" H. Ohle and W. Mertena, Bet., 88, 2176 (1035). 

88 W. Lake and H. Peat, J. Chem. Soe., 1417 (1038). 

M H 8 label), Ann. Ra>. Bioehem., 9, 65 (1040). 
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tion as follows: the negative substituent group (NHi) approaches carbon 2 
or carbon 3 from a direction opposite to the position of the oxygen forming 
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the anhydro ring; as the new bond is l>eiiig made with the carbon, the 
oxygen of the anhydro ring is released and combines w ith a proton forming 
the hydroxyl which remains with the other rarbon originally a member 
of the ring. 

F. Biochemistry and Reactions of Sugar Alcohol Anhydrides (Glykitans). 

Attention lias already l>eon drawn to the practical analogy between the 
glycoses and the glykitols with respect to cyclization during reaction. The 
glykitols are, of course, much more stable towards alkalies and acids limn 
the common sugars, and yield the expected substitution derivatives when 
alkylated, acetylated, nitrated or acetuluted by customary procedures. 
However, when heated with organic acids, with or without additional 
catalyst, at the temperature of 180 L to 250° customary in industrial esler 
or resin synthesis, the hoxitols undergo anhydridization. Anhydridization is 
likewise effected by heating w ith catalytic amounts floss than 1 %) of strong 
mineral acids, or by other dehydrating agouts. 55 Those anhydrides have 
been used as such, in the form of non-crystallizing mixtures, as softeners 
for paper and textiles, “ und humoctants, particularly lor tobacco. 57 The 
synthesis of individual hexilans and certain liexides has already )>een 
discussed. 


a. Biochemistry 68 

Except in massive doses, no toxicity on feeding has been found for any 
of the known mono- or dianliydridcs of the licxitols. lsomannide is secreted 
unchanged, and without any toxic symptoms, up to at least 20 g. in man. 
It has been patented as a diuretic. 59 Arlitan resembles inulin, the licxitols 
and creatinine in tieing excreted by the kidney without reabsorplion. 
Isosorbide and isomamiide differ, however. A total of 80 g. of arlitan has 
been injected withiu 2 hours into humans without apparent toxic symp- 
toms. 80 None of the anhydrides, including hydroglucal, 61 with the possible 

u J. Muller and (J. Hoffmann, 17. S. Patent 1 ,757,158, May 5, 1030. 

18 British Patent 204,130, March 16, 1027. 

17 R. M. Oneppp U H. Patent 2,371,380, Mar. J3, 1045 

BI Sec: C. J. Carr and J. C. Krantz, Advances in CarMydfatr ffrm., /, 180 (1045). 

18 J. C. Krantz, U. 8. Patent 2,143,324, Jan. 10, 1030. 

10 W. W. Smith, N. Finkrtatein and II. W. Smith, J. Biol. Ckem., IS 5, 231 (10401. 

11 W. Freudenberg and G. E. Felton, J. Biol . Chem ., 99, 647, 657 (1933). 
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exception of styracitol, are metabolised by mommalB to an appreciable 
extent. Home styracitol is stored as glycogen when fed with fat. n 

Polygalitol and styracitol are fermented less readily than their parent 
liexitols, but more readily than ethylene or propylene glycol, by bacteria 
of the colon-oerogeneB group. These bacteria do not attack ethylene or 
propylene oxide, erythritol or erythritan, glycidol, or pentaeiythritol. K 

With regard to hemolysis rates of red corpuscles, as measured with dog’s 
blood by the method of Jacobs,” it is interesting that the hexitans act 
slowly, and the rates are intermediate between those of erythritol (77 
minutes) and sorbitol (150 minutes), the fastest acting of the three com- 
mon hexitols. Isosorbidc and isomannide are much faster (23 and 8 secs.), 
and rompamble with the rapid ethylene glycol, ethylene oxide, glycerol, 
glycidol, erythritan and mcthuuol. The effect is osmotic, though not in 
accordance with the molecular weight, and is repressed by isotonic salt 
solutions. This huge difference between hemolysis rates for isomannide 
((’>-10 hcch.) and mannitol (>4 hours) is true of eight different species of 
mammals.' 4 

Polygalitol, the closest relative to ordinary glucose, is the only hexitan 
with a sweet taste; it lies between mannitol and sucrose in threshhold 
sweetness. Erythritan is likewise sweet in low concentration.” The other 
monoanhydrirles have a definite astringrncy, and for isomannide and 
isosorbide the taste is predominantly hitter. Hydroglucal is faintly sweet. 

It. Reactions with Inorganic Reagents 

The effect of the anhydrides on the dissociation of boric acid is not con- 
sistent. Erythritan, with a cis glycol pair in a 5-membered ring, has the 
strongest potentiating effect of any known substance, yet 1 ,1-mannitan, 
with a very similar configuration, is less effective than the open-chain 
mannilol. Polygalitol, with no cis hydroxyls in a 6-ring, is ineffective, but 
so is mrso-inosit ol, with three os hydroxyls in the same size ring." 

The hydrolysis of gidactitol 1 ,6-dicldorhydrin or dihromohydrin with hot 
water lends to the corresponding crystalline galactitan monohalohydrins 
and eventually to a noucrystalline galactitan. Strong hydrochloric or hydro- 
bromic arid regenerates the golaclitol 1 ,6-dihalohydrin from the galactitan 
munohalohydriu. With the latter, alcoholic ammonia yields an amiuo- 
gnlactilol, CilinfOHhNIIs. Sodium amalgam reduction of the galactitan di- 
or mauo-chlorohydrin likewise* yields gnlactitnn.' 7 

41 C. J. Gan and 8. K. Forman, J. Biol. Cham., 128, 425 (1939). 

" M II. Jarabs and A . K. Purpart , Biol. Bull., 60, Dj (1931). 

44 A. M. Kunkcl, (1. .1 Carr, J. (' Kranlz, Jr., Proe. Bor. Ex pit. Biol Med., 42, 
438 (1939). 

44 V. J. Carr and J. C. Kraut a, Jr., J. Am. Pham. Aaioc., 27 , 318 (1938). 

41 J. C. Kronti, Jr., C. J Carr and F. F Book, J. Phyi. Chem., 40 , 927 (1936) . 

41 0. Bouchardat, Ann. e him. phya., [1] 27, 145, 184 (1872). 
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Witli mannitol and itts halohydrins, the reactions are analogous, except 
that the monnitan monohalohydrin products are less well characterised." 

The well-characterized isomannide (1,4-3,6-mannide) can be converted 
to the 2,6-dichlorohydrin by treatment with phosphorus pentachloride, or 
thiouyl chloride and pyridine. This dichlorohydrin, m.p (»7°, is excep- 
tionally stable, being unattacked by fused caustic potash, phosphorus 
pentachloride at 126 D , sodium amalgam, sine and dilute sulfuric acid. 
Fuming hydrochloric acid, however, opens the rings to form crystalline 
mannitol 1 ,2,R,6-tetrarhh>rnhydrin, m.p. 70°." 
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Hydnodic arid opens the ring of styruritol and tornis tlu* same secondary 
hexyl iodide ns is obtained from mannitol itself. 7 " 

Although galactidcs arc not formed from galactitol and hydrohalic acid, 
phosphoric arid in excess and gahietitul give at I35°C. under vacuum a 
phosphoric ester of a 1 ,5 3,6-galaetide, characterized as its (lit enzoate, of 
m.p. 138°. Studies of models indicate that galactitol cannot form a 1 ,4-3,6- 
dianliydride. 71 Mannitol, however, gives isomannide and the phosphate 
esters thereol under these conditions. 72 

Similarly, whereas the Mslium amalgam reduction ul mannitol 1 ,0- 
dichlorohydrm yields ihe as yet unidentificil "jft-mannidp,” from (luleitol 
1 ,0-dichlorohydrin only a sinipy moiioanliydride is obtained, and not a 
duleide T< 

Witli cold, mixed nitric and sulluric acids, styracitol gives an explosive 
tetranitrate, m.p. 106°(\, [a] 7 — 31.82. 7 ' Witli the same reagents, iso- 

H G Boucluudat, Ann. chim. phya., 15)0,118(1875). 

" Bee* L. F. Wiggins, J Chem. Soc., 4 (1045). 

« Y. Abahina, Arrh Phurm., 845, 325 (1907). 

71 P. Cairt, Cnmpl. rind , 189, 637 (1004) ; H. (9. Fletcher, Private Cnmmunioatioa. 

71 P. Can 4, Ann. c lum. pkya., 18] 5, 345-432 (190.1) 

71 Bee: A. Biwoloboff, Ann., 888, 368 (1866). 

" Y. Asahina, Arch. Pham., 847, 157 (1000). 
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Borbide and isomanniile give crystalline dinitrates, melting at 52 r and at 
05.5°, whereas ] ,4-mannitan and 1 ,4-sorbitan yield only sirupy products. 
These anhydride nil rates show depressor action, similar to that of glycerol 
trinitrate and mannitol hexanitrale. 71 Dilute nitric add oxidises the nmno- 
anhydrideB to u mixture of lower acids, chiefly oxalic. 

Oxidation ut either polygalitol or styrai'itol with hydrogen peroxide and 
ferrous sulfate leads to a product from which glucosasone can be isolated. 
With liypobroiuite, however, the* original ring is apparently not attacked, 
but instead the 3-onone of 1 ,5-anhydrofructose is obtained, identified as 
the corresponding osazune. 71 
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Lead tetraacetate cleavage of the hexitans proceeds normally. The 2,5- 
sorbitan takes up one mole of oxidant very slowly. Both 1 ,4-mauniton and 
3,6-sorbitan, each with a do glycol pair in a five-membered ring, bIiow 
rapid consumptions of one mole of oxidant, followed by a slower uptake. 
1 ,4-8orbitiui and 3,6-galactitan, with a (rang ring glycol pair, show a 

» II. K. Forman, O. J. Carr and J. C. KranU, Jr., J. Am. Pharm. A* toe., SO, 133 
(1341); J. C. Krauts, Jr., and coworkers, J. Pharmacol., «7, 187, 101 (1339). 

71 See: J. Shinoda, S. Sato and D. Sato, Bcr., SS, 1219 (1382). 
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gradual uptake of more than two equivalents, the external glycol pair being 
oxidized mure slowly than the ring pair. Styracitol, with one cia ring glycol 
pair shows a definitely faster uptake than the romplrtely trana polygalitol, 
but the difference in oxidation rateH is markedly less than in the five- 
memhered series. This may be due to the limited rotation permitted ring 
hydroxyl groups in six-meml)ered rings, compared with the virtually fixed 
orientation of the furauoid rings. 77 


c. Reactions with Organic Reagents 

The glycol pairs in erythritan or 1 , 1-mannitan can lx* removed to give 
the corresponding unsaturated derivatives, by treatment with formie acid. 
Erythritan gives sym. diliydrofuran, 78 and 1 ,4-mannitiiu, under similar 
treatment, yields in addition to isomannidc a strongly levorotatory vinyl- 
dihydrofuran, b.p. 107 D -109°, [aj„ — l(iB°. 7P van Romburgli and van der 
Burg proved the vinyldihydrofuran structure by hydrogenation over col- 
loidal palladium to the inactive a-ethyltctruhydrofuran, and establishment 
of the identity of this rthyltctruhydrofunm with Hint obtained by the 
different roule from Wohlgemuth’s 1 ,4-hexanediol: 
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In view of the close similarity in physical constants between the a-etliyl- 
tetrahydrofuran and the isomeric dimcthyltetrahydropyran, the identity 
was established by splitting the ring with hydrobromir acid to the 1,4- 
dibromohcxanc, and converting this to the quartemury ammonium colt 

” cf. H. C. Ilorkctt, M. T Dienes and IT. K. Itumsden, J. Am. Chcm. Sot., 65, 
1474 (1943). 

” A. llenninger, Ann. r him. phy* |U| 7, 211, 217 (1880). 

’* A. Faurunnier, Compl trail , 100,911 (1883) ; <•/. A. Tlenninger, Her., 7,204 (1874). 
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with piperidine. 80 Since carbon 5 of a-ethyltetrahydrofuran is asymmetric, 
the hydrogenation must have caused racemuation. 

Tsomannide diformate decomposes on heating to regenerate isomannide, 
with loss of carbon monoxide. 81 This behavior, consistent with absence of 
vicinal hydroxyls, parallels tho thermal decomposition of pentaerythritol 
tclraformate to give pentaerythritol and pure carbon monoxide. 81 Hurd 
and Filachione obtained from the formic acid reduction of mannitol, in 
addition to 2- vinyl-2 , 5-(lihydrofuran, a monoformate derivative to which 
they ascribed the formula: 8 * 

11(3 - (3H 

I I 

Il 8 (! CliriTOHCHgCWHO 

\ / 

o 

The secondary hydroxyl groups in isomtinnide and isosorbide can be 
tosylated, 81 and both tosyloxv groups of isomannide are replaced by iodine 
by heating with sodium iodide in acetone for five hours. In the case of iso- 
sorbide only one tosyloxy group is replaced under these conditions. The 
configuration of these* mono- and di-iodohydrins is not known, since Walden 
inversion may take place during their preparation. 

Kloor attempted to esterifv mannitol with hiuric acid in concentrated 
sulfuric acid solution at 38°(\, and obtained a niaimitan dilauratc having 
the unusually high melting point of 122°, and convertible oil heating at 
200°(\ to a dianhydromannitol dilauratc, m.p. 37.5°( 1 /., \n\ u + 125°. The 
high rotation and the method of synthesis argue for the isomannide struc- 
ture assigned by Hloor. The corresponding miction with stearic acid, at 
70°C\, gave a mannitan distearate, m.p. 121°, fori? + 8.0, and a mamiide 
distearate, m.p. 51°, [a|“ + 04.8, which yielded mannitol when saponified 
by alcoholic sodium hydroxide. w The mannitan distearate when heated to 
200°(J. gave a dianhydromannitol distearate of m.p. 01.5°, (a|? + 03.7, 
probably an isomannide derivative. 

The alcoholysis of mannilol with tristearin, using sodium ethylate 
riitalyst, at 220°- 250°, yields a crystalline material of m.p. 67° -72°, but 

s0 P. van Komhurgli and J. 11. X van der bur*, Proc . Aral. Sri. Amsterdam, 86, 
335 (1022). 

81 A. Fauronnier, Bull . svc. vhtm , it, 18 (1884) 

M P. van Itomhurgh, Proc Acad. Sn. A visit r dam, 10, 106 (1907). 

M C. n. Hurd and E. M. Filarhiune. J Am. Chem Soc ., 61 , 1156 (1930). 

It. C. Hockett, II. (J. Fletcher, E. Tj. Sheffield, R. M. Gnepp and S. Soltaberg, 
J. Am. Chcm. Soc., 68 , 030 (1946). 

M W. It. bloor, J. Biol. Chtm., 11, Ul, 4241 (1912); 7, 127 (1010). Berthelot made a 
eirupy dianhydromannitol, a hich he called mannidc, by heating mannitol and butyric 
acid at 200-250°. This material was partly converted bark lo mannilol by long stand- 
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with a rotation of —1.44°. This product, described from the analysis as a 
mixture of mannitan distcarate and ibomaunide distearate cannot lie a 
binary mixture of Bloor’n mannitan distearate and mannide distearate in 
view of the negative rotation." The corresponding alcoholysis with olive oil 
yields an oil, analysing for a similar mixture of mono anddianhydin (Hester. 1 * 7 

Of considerable industrial importance are the ester products ohtuinpd by 
the direct hen ting of hcxitols with one or more equivalents ol the fatty 
acids derived imm hard fats, drying oils and semidrying oils. Acid or 
alka line catalysts, and temjieralures of 200- 250 L are used, with vigorous 
agitation and, usually, a current of carbon dioxide. The partial esters, in 
particular, have valuable Hurface-active properties,"* and their compara- 
tively bland taste and practical freedom from toxicity" give them a wide 
Held of usefulness as cmulsiHcrs, solubilizing and blending agent s. Products 
of this type were first synthesized by Pert helot, by beating the reartants 
in a sealed tube*. Long and eo-w orkers demonstrated u commercially pracl i- 
cable synthesis by vigorous stirring in presence of an inert gas. H ’ Products 
with similar properties have been made from glycerol and other polyols 
The manufacture and uses ot these fatty esters hmc lieen comprehensively 
reviewed.'" The partial ester derivatives from the hexilols rank with the 
sorbose fermentation of sorbitol for ascorbic acid synthesis, and explosive 
and drug uhe of mannitol hexanitrate as major industrial outlets for the 
hexitols. 

In the trade, the partial esters go by the nominal designation, r .g , inan- 
nitan monuoleatc, or by trade names. Span 20, 40, fiO and 80 are sorbitan 
monolaurate, palmitate, stearate and oleate, respectively. Those products 
are dispersible in water but not soluble. An equally useful series ol water- 
soluble surface-active products are obtained from the aliovc partial esters 
by reaction with ethylene oxide to give polyglycol ethers (Tweens). From 
ten to thirty moles of ethylene oxide per mole of fatty acid are required for 
satisfactoiy water solubility, depending on the chain length of the acid. 
Since the water solubility is conferred by a plurality of neutral noniouic 
oxyethylene groups, - OCjH^OCifL),, -OCjHiOH, the products are nut 
electrolytes in the ordinary sense like the anionic or cationic soaps and do 
not low their effectiveness in solutions containing strong electrolytes. 

Other than that they are mixtures of esterified hexitol anhydrides, little 
is known about the actual composition of these esterification products. 

M A. Lapwuith and L. K. Pearson, Biochem. J., 25, 206 (1010) 

" W. D. Halliburton, J. C. Drummond and R. K. Gannon, Biochem. J„ IS, SOI 
( 1010 ) 

" Firat recognized, for products from mannitol, by G. izar and P. Perm, Biochem. 
X., SB, 234 (1914). 

11 J. 8. Long, W. W. Kittolberger, L. K. Scott, and W. 8. Egga, Ind. B ig. Chem., 
SI, 063 (1080). 

'• H. A. Goldsmith, Che m. Heee., M, 267-840 (1048). 
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There is evidence that their usefulness depends in part on their mixed 
character, since a relatively pure sorbitan monolaurate, synthesised from 
1 ,4-sorbitan and lauroyl chloride, is much inferior in solubility character- 
istics Hud emulsifying power to the technical product derived from sorbitol 
and commercial lauric acid (containing minor amounts of (’,« and 
C» acids) and shows somewhat Iobs than the required hydroxyl content for 
a hexit&n munoester. 

Synthetic drying oils from sorbitol' 1 or mannitol 11 and drying oil adds 
have lieen described.' 1 The full esters of hexides and saturated medium 
length fatty acids arc useful as plasticisers." Analogous esterification 
products have been obtained from the reaction of hexitols with rosin drying 
oil acids,' 4 phthalic anhydride," succinic and citric add. 

3. Unsaturated Sugars (Glycals and Glycoseens) 

Two types of unsaturated sugar derivatives are known which may be 
considered to lie derived from the corresponding sugar by removal of two 
hydroxyl groups (glycals) or a molecule of water (glycoseens). 


C— OH 

i — C— H 

a 

r i 

c— n 

1 

0 c — h 

1 1 

Glyctween 

1 1 

Glycal 

double bond 

double bond 


Products of still higher degrees of dehydration are prepared by the 
action of acids, acetoacetic ester or formic acid on carbohydrates (see 
p. 69 and 231). Furan and pyran derivatives or levulinic acid are the princi- 
pal products of this type. Under alkaline conditions, enediols are in equilib- 
rium with reducing sugars. Ascorbic acid has an enol system, and lactones of 
man /i o-saccliar ic add are converted to derivatives of this type upon treat- 
ment with alkali. 

A. Glycals. The glycals, first reported by Fischer," were extensively 
investigated by Hergmaun and Schotte and are important intermediates 

’» J. 1). Brand net, t< II. Hunter, M. D. Brewster, K. K. Bonner, Jnd. Eng. Chan , 
i 17 , SOU (1945). 

N A. A. Blagonravova and A. V. Dnnberg, /. Applied Chan. (U.3J3.R.), 11, 1642 
(1038) ; Chem Abtt , 39, 5805 (1939). 

»H. M. tioepp, Jr., U. 8. Patont 2,391,439, Feb. 5, 1940. 

•* E. Soli aal, U. S. Patent 335,485, Ort. 11, 1884, Re. 10,823; Ger. Patent 600,501, 
July 11, 1925. 

" R. H. Kieule, Ind. Eng. Chm., it, 503 (1930), R. M. Goepp, Jr., and E. R. 
Brown, ibid., SO, 1222 (193b); British Patent 350,992, Doe, 16, 1029; 322,637, June 2, 
1928; Fr. Patent 703,792, Del. 17, 1930. 

" E Fischer, Ber., J7, 196 (1914). 
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for the synthesis of sugars from their 2-epimers (see Chapter III). They 
result from the mluetion of tho aretylglyconyl bromidrs with cine and 
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aectie arid. The structure of glural if established by the following evidence. 
The presence of u double bond is show n by tin* addition of bromine and 
chlorine to give a diluilidr and by the oxidation with ozone to D-nrahiuoHC.* 7 
Methylalion of glural gives a Irimcthyl derivative which upon oxidation 
w'ith perbenzoir arid gives 3 , 1 ,U-trimpthylghicoHr. M Inasmuch as carbons I 
and 2 have lost their asymmetry, alpha and lx>ta isomers of glycnls are not 
possible, and sugars epimeric at carbon 2 gives the same glyral. 

Glucal reduces Fehling solution and is stable under weakly alkaline con- 
ditions but rapidly decomposes in the presence of acids to give green- 
colored solutions. A pine splinter soaked in glural solution turns intensively 
green when held in hydrochloric arid vapor. One of the most important 
reactions is the oxidation by perbenzoir acid. This arid, 0»lIt(’()(()j)H, 
adds two hydroxyls to ordinury etliylenic double-bonds with the formation 
of glycols and to glycnls with the production of sugars. 1 ” Since carbon 2 
becomes asymmetric, two epimeric sugars are produced, the proportions 
varying according to the glyral and to the presence of sulwtituent groups. 1011 
Glucal and rhamnul yield mannose and rhamnose. respectively, as the 
main products, but galactal yields considerable quantities of l>oth galactose 
and talosc. For the aeetylated and methylated glyruis, quite different yields 
are often ohtuined, e.g., trimethyl- and triaeetyl-glucal Rive glucose deriva- 
tives princiiMilly rather than mannose derivatives. It seems probable that 
the 1,2-anhydro sugars muy be intermediates in the reaction as the 5,fl- 
anhydro sugars are known to react with carboxylic acids in a similar 
fashion yielding O-aoylsugars (see p. 301). Such a mechanism is also indi- 
cated by the presence of monobenzoyl sugars among the reaction products 

■’ K. Fischer, M. ttrrgnuinn and II. Schotte, Ber., 63, 509 (1020) 

•* E. 1<. Hirst and (' H Woolvin, J. ('firm. Bor , 1131 (1931) 

•» M. licrgmaim and II. Schott e, Her., 64, 410, 1591 (1921 1. 

IM P. A. Lcvenc and A. L. Raymond, J, Biol, Chew., 88, 513 (1930); P. A. Levcno 
and R. 8. Tipson, tbtd., 08, 631 (1931), 
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at galaotal and perbenzoic acid. 1 ' 1 In anhydrous alcohols, glycosides are 
synthesized from the glycals." 



Methyl o-inflnnutmip i> (Mural Prolwblr intermediate 


1°» I 



OH H H OH 


»- Vrabiimw (ilurose fund nmnmwe) 

Treatment of the glycals with cold dilute sulfuric acid gives sulfuric 
esters which, after hydrolysis, yield 2-desoxysugnrs (see Chapter III). 
Chlorine addR to the double bond with the production of epimeric 1,2- 
dicliloro derivatives, whereas hydrohromic acid appears to give 2-hromo 
derivatives. Oxidation of the glyculs with ozone splits the molecule at the 
double bund, and redurtion with hydrogen in the presence of a catalyst 
yields hydroglyrals. 

The tendency of the glycals to undergo intramolecular change requires 
particular mention. The heating of an aqueous solution of triacetylglucal 
causes the migration of the double bond to the 2 ,3 position and the hydroly- 
sis of one acetyl group. 1 w The product, diocetylpscudoglucal, on treatment 
with barium hydroxide undergoes further rearrangement to give isoghicul 
and protoglueul. 101 


r ■- 

I 

, t'H, 

(’HO 

iic 

II (OH 

i i 

1 

|| 

i 

(’=.<> 

Oil 

ni 

rii 

i i 

II 

I 

II 


e 

AeCH'lI C 

> cn o I 

1 

| 

i 

| (J1IOJI 

(’II. 

IK’OAc 

HCOAr 

0 1 

1 

| 

| 

('ll OH 

(’ll OH 0 

nr — 

IK 1 - 

1 

1 1 

| 

1 

— t'H 

lie 1 

OJl.OAi 

r nr s 0Ai 

. n 

n 


Triarctylglural DiaciMylpuouilonlucal Inoglucal J’rologlucal 


,M W. W. Pigmau anil H. S. Isbell. J. itcueurch Sail. Bur. Standard*, 10, 189 (1937). 
>M M. Bergmann and W. Frrudenbcrg, Ber., 64, 158 (1931). 

,n M. Bergmann, L. Zervas and J. Engler. Ann., 608, 25 (1931) 
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B. Glycowens. Whereas the double bond of the glycals is formed by the 
elimination of a bromine atom and an acetyl group (equivalent to two 
hydroxyl groups), the removal of the elements of hydrobroinic acid from 
the uoetylglycosyl halides leads to glycosccns (oxyglycols). ,M The reaction, 
carried nut by heating (00 °C.) the halide with a secondary amine, is some- 



MOl 7 9 kffo 

CD C E) (ID) (DO 


what similar to the llolmanu degradation of quaternary amines As il- 
lustrated, the 1 ,2-glueoseen (the ennl iaomer-TII ) is probably in equilibrium 
w ith the keto isomer (I\ ). Only the ncetylated enol form (II) has Ihh'ii 
crystallized, and removal of the acetyl groups probably allow s isomerization 
to take place. The deacetjduled product has not lieen ervstnllized, and on 
acetylation does not revert 1 o t he original crystalline material. Tw n phenyl- 
hydrazine groups are introduced into the moh‘eule when the iieefylated 
isomer (TI) and phenylhydnizine interact This product is apparently an 
oBazoue type erf derivative of 1 lie keto isomer. 11 " 

Kojic acid, which is formed by the action of many tungi and Imctcuu 
on carbohydrates (sugars, innlin, duleitol, glycerol, etc. I, may )>c syn- 
thesized from glucose, 10 * and, since it contains no asymmetric carlxtns, from 
any other hexose. Starting with the tctraacotyl-1 ,2-gluroseen (\ ), the 
synthesis is carried through by reaction w ith chlorine to give the 1 ,2-dirhloro 
derivative (VI) from which the chlorine is replaced by the aid or moist 
silver carbonate with the formation of the acetyls ted hernia cel ate of gluro- 
sone hydrate (VII ). This is converted directly to the diucetylkojie arid 
(VTII) by the uction of ueetie anhydride and sodium acetate 
The naturally occurring anhydrohexitol styracitol has Ih'cij synthesized" 17 
by hydrogenation and deaeelylation of tetraacetyl-1 ,2-gluroseen (\ ) 

The 5 , (»-gly eoseen dermitives (X) have hem imcsligatcd by Helierieh 
and associates. 100 They are prepared by treatment of the li-lmnno or ti-iodo 
sugar derivatives (IX) in pyridine solution with silver fluoride or silver 
sulfate. The hydrolysis of 1 ,2-3,5-diisopropylidcne-ti-toHylglurusc with 
ammonia or sodium methylate leads to 1 , 2-3 , 5-diisopropylidene-5 , 6- 

*•* K. Maurei, Bn., St, 332 (1920) 

""M. Bergman n and L. Zcrvu, Btr , Si, 2032, 1434 (1931) 

■°° K. Maurer and A. Muller, Bn., S3 , 2000 (1030) ; K. Maurer, ibid., 39, 25 (10301 
•°» L. Zervas, Her., S3, 1680 (1030). 

> M B. Helferich and E. Himman, Her., Si, DBS (1028). 
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glurosccn ami other products. 11 * Wien isomerization to the keto isomer is 
marie iiujxihsible by involvement of the hydroxyl of carbon 5 in the stable 
pyranoKi* ring of a glycoside or an iRopropylidenc ring, the enol derivative 
i'X ) frequently is rrystollizuble. Methyl R ,(v-glucnseenide has been obtained 
by the Uelferich and llimnieu methrsl. When the ring is labilized by acid 
hydrolysih of the glucosidc, conversion to the keto isomer (XI). 5-keto-fr- 
dcaoxyglucoHO, takes place. The corresponding acetone derivatives undergo 
similar transformations. 11 " 
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At one time, these derivative!) were of considerable interest from the 
standpoint of the structures of the glycosides. 111 The furanoid 5,0-glyoo- 

,a * II (Mile slid L. \ . Varglm, Btr,, 66, 2425 (1029). 

“• It. Helh-rirh and K. Himnien, Her., Hi, 2139 (1920); II. Otile and R. Daplanqm, 
ibid., 06, 12 (1933) 

1,1 II. ltredererk, Her., 06, 950 (1930); A. MftUer, ibid., 06, 1051 (1932). 
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seenides would lie expected immediately to isomerisc to the keto isomers 
while the corresponding derivatives with pyranoside rings cannot isomerize. 
The product obtained from the furanoaideH would be a ketone of the general 
struct lire R — CO — CH». A compound of this structure would give the iodo- 
form reaction, and a luck of this reaction would be indicative of a pyranose 
structure. The evidence obtained by this method agrees well with other 
methods, but the formation of the 5 l 0-glycos( i enfi is apparently not a 
general reaction for furunosidcK. 111 

1U H. Hrlferirh and 0. Iiung, J. praki. Chum., [2 J lit, 821 119321 



Chapter IX 

NITROGENOUS DERIVATIVES 


(N-Gltcoeudeh, Nucleic Acids and Hydrolysis Products, 
Hyiwazoneb, Ohazoves, Oximes, Amino Suoarh, Etc.) 

Nitrogenous carbohydrate derivatives such an the nucleic acids, uucleo- 
prot cins, some vinihca, several vitamins of the H-complex, and some co- 
enzymes arc undoubtedly to lie considered among the most important of the 
carbohydrate derivatives. Many of the polysaccharide* which exhibit highly 
specific and characteristic immunological reactions yield amino sugars after 
hydrolysis. Other sugar derivatives containing nitrogen have considerable 
importance for purposes of identification and synthesis The eaBe with 
which the sugars mart with amines, amino arid* imd proteins makes it 
probable that the resulting derivatives are ot greater biological importance 
than lias been generally realized. These derivatives may liavc an important 
role in the changes of solubility and of color tliat take plare during the 
drying of foods (melnnoidin reaction). 

The most common type oi nitrogenous derivatives is Hurt which U formed 
by the reaction of the aldehyde (or hemiacelal) group of the sugars with 
compounds containing amino groups. 

It HI0 4 It 'Mb >lt ('ll— Nit' 4 Jlrf) 


If tins equation represents the reaction, the pi ((duets am Seliifl bases, but 
it is possible tliat the ring form of the sugar reads: 
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The 1 compounds mpmsented by li'N’Hi include alkyl and aryl amines, 
hydrazines, oximes, ammonia and amino acids Usuallj amide groups will 
not condense readily in this fashion, but urea derivatives are known. 

Hydrocy anic acid adds readily t o sugars. As this reaction has its primary 
use in the synthesis of the higher sugars, it is discussed in another chapter 
(Chapter III). 

An important additional group of nitrogenous derivatives is the amino 
sugars among which am the glyeosamines. These compounds ropmBcnt 
sugars in which the hydroxyl of a primary or mwoudory alcohol group has 
lieen replaced by an amino group. Several am naturally occurring. 
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Although many derivatives have been made by condensing sugars with 
substances containing NHj-groupB, the chemistry of the compounds is still 
in a very incomplete state. Many of the compound's in which tile hcmianetal 
hydroxyl group of the sugar is substituted by a N-R or a similar group 
mutarotalc when dissolved in solution. Evidently, these compounds are 
much leas stable than the corresponding glycosides. The mutorotutions 
appeal 1 1o arise lrom numerous causes which include (1) dissociation into 
the Hiigar and nitrogenous l>ase, (2) isomerization between the various ring 
and open chain forms, and (3) si met ural changes such as the rearrangement 
of aldose to ketosc derivatives. Many of these compounds are known to 
exist in both the ring and acyclic forms. Very little is known concerning 
the rclutionsldp of the strength of the base to the stability and the proper- 
ties of its condensation products witii the sugars. 

1. Glycosylamines 

A. Osimines or Primary Glycosylamines. The treatment of sugars in 
alcoholic solution for suspension) with ammonia produces glycosylamines 
(glycosimiue.s or glyrose ammonias) by the replacement of one hydrogen 
of Nil* by a glycosyl group. 1 The same reaction takes place readily in 
liquid ammonia solution. This class of substances is comprised of the lowest 
homologs of the N -glycoside series. Sometimes two hydrogens aa* replaced 
by glycosyl groups with the formation of disarcharidc-likc substances. The 
osimines may have a cyclic structure with a free amino group or have an 
inline structure analogous to that of the liydrazoncs and SrhilT bases. 


1ICNI1, I 
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The hexosimines form pcntaacetyl derivatives in which one acetyl group 
is connected to the nitrogen atom; the 0-acclyl groups of the glucose 
derivative may lx* amoved with the formation of N-neetylglucosylamiue 
(acetamide N-glurobidc).* This procedure is probably the best method for 
preparing the aeet amide derivatives of the sugars, for direct combination 
has nol yielded crystalline products. Since* the N-acetylglueosylamine con- 
sumes two moles of periodic acid, it has a pyrauose structure.* 

> (’ Lain)’ dc liruyn and A. 1*. N. Franrhiinonl, Rtc. Iruv. c Aim., It, 206 (1893); 
12. J. Lorand, IJ. fl. Patent 2,236,938, Mur. 25, 11*41 ; T E Muskat, J. Am. Chem. Soc., 
SO, 893 (193-1). 

1 P. Brigl and II. Keppler, Z. physiol. Chem., 180 , 38 (1929), 

> C. Niemann and J. T. Hays, J. Am. Chem. Soc., 8t, 2980 (1940). 
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An iaomeric acetamide derivative has been prepared by the action of 
ammonia on oA/eAydb-glucaso pentaacetate; 1 ' lead tetraacetate oxidation 
shows that it has a furanose structure. Evidently, the j»mnnni«. combines 
with the aldehyde group and an acetyl group migrates to the amino group 
from the 4-position. 

Diacetamide derivatives may result 4 from the action of ammonia on the 
acetylated nitriles (Wohl degradation), a process in which a carbon atom 
is lost. These substances probably have open-chain structures. 
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Although the ring forms exist, many of the properties of the glycoeyl- 
amines are better interpreted on the basis of the imine structure, and it 
seems probable that the two structures are in equilibrium. In contrast to the 
desoxy sugar amines, in which the amino group replaces the primary or 
secondary hydroxyls, the osimines are hydrolyzed by dilute acids and arc 
reduced to 1 -amino alcohols." 

B. N -Glycosides. Schiff, in studying the reactions of amines with alde- 
hydes, found that condensation products, the so-called Schiff baneB, are 
formed. 

R-CHO + R'- -MI, -* R-CH—\-R' (Kehiff base) 

When the reaction first was applied to the sugars, amorphous products were 
obtained which were considered to huve the Schiff base structure. Crystal- 
line materials later were prepared 7 by heating glucose or fructose in an 
alcoholic solution of aniline. Sorokin believed these substances, frequently 
called sugar anilides, to have ring structures and to be analogous to the 
glycosides. It seems prolmhle that the tryst allinc materials are N-glycoBides 
but that in solution they are in equilibrium with the correapouding Schiff 
base and possibly with the nminicrir (ilpha-lx-tu) and ring isomers. 
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4 R. C. Ilockett and L. B. Chnndlpr, J . Am. Chem. Soe., 08, 957 (1944). 

4 C. Niemann and J. T. Hays, J. Am. Chem. Soe., 87, 1302 (1948). 

"A. R. Ling and J). It Nanji, J Chem Sor , 111, 168? (1922); W. Wayne and 
H. Adkins, ■/ .ini. Chem Soe., 8t, 331 J (1040). 

T B. Sorokin, J. pro kt. Chem., (2] 37, 201 (1388). 



378 


CHEMISTRY OF THE CARBOHYDRATES 


In certain of their reactions, the substances behave as Schiff bases. How- 
ever, since methylation and subsequent hydrolysis of aniline N-glucosidc 
(glucose anilide) lead to tetramethylglucopyranowe,* the rompound prob- 
ably has a pvranosc ring . 9 

Certain o-nitronnilinc derivatives of L-arabinose and D-ribose (I) have 
been shown to have ring structures . 10 They form It wet ales, and all of the 
acetyl groups are removed by treatment with alcoholic ammonia, which 
docs not hydrolyze N-acetyl groups. Because the rihose and nrabinose de- 
rivatives form inonotrity] derivatives, it is possible that the ring structures 
arc furanoid, since it is known that trityl chloride reacts mu*t easily with 
primary alcoholic groups. Two reaction products of ribose with aniline have 

x 

tHO)HjC-CH — 1CH0HJ Z — CH— NH | | 

o 1 

CH 3 

been isolated, both of which form tnncelatcs . 11 A furanoid structure for one 
is indicated b} r the formation of a mono trityl derivative, the other may 
have a pyranoid structure, fur it does not form a trityl derivative. 

Although the evidence is not conclusive, it appears that the maltosyl- 
alkylamines may have an cr-hydroxyHimne structure similar to that of 
aldehyde-ammonias . 12 

R—CJIO -f Nil* -* It - CIIOH- Ml— R' 

Because of the lack of knowledge of the stnictures of most of these com- 
pounds and of the isomciizations that take place in solution, the ring ami 
open-chain structures w ill be used interchangeably in the present discussion , 
but the names will be based on the ring structures. The compounds have 
liccn called N-glycosides lierause the* cyclic structures arc analogous to t hose 
of the ordinary or O-glyrosides. For the N-glycosides, the glveosidic linkage 1 
is through a nitrogen atom instead of an oxygen atom. In most cases it may 
be useful to follow the suggestion of Vntofok and Valentin 12 and name 
them as substituted amines, c.g., methylamine N-glucosidc = glueosyl- 
methylamine. 

The glyrosylamines have lieen of considerable interest because the 
nucleosides, hydrolytic products of the nucleic acids, are mcmlx a rs of the 

8 Called 2,3,5,G-tptrametUylg]ucuBe at the time. 

1 J. C. Irvine and It. Gilmour, J . C/trm. tfor., 05, 1129 (1908). 

" A. Kuhn and R fltmbele, Ber , 70, 773 (1937). 

11 L. Berger and J Lee, J Orrj Chun., 11, 75 (19 MS) 

11 J. II. Wernlz, l\ S Patent 2, INI ,92ft, Dor 5, 1939 
E. Votoeek and F. Valentin, Collection Cuchoolov. Chun. Commun 0, 77 (1934). 
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group. The discovery that several biologically important coensymes are 
glycosylamines or their derivatives has greatly stimulated research in 
the field. 

Glycosylamines- from long-chain aliphatic amines such os dodecyl- and 
octadecylamine luive l>oen suggested or wetting agents and as textile soften- 
ers . 13 Those made by condensing D-glurosc with aromatic amines are said 
to be useful antioxidants for rubber . 14 Sinn 1 many important pharma- 
ceuticals contain amino groups, it is possible to condense them with sugars 
and thuR modify their biorhcmical action and solubility characteristics. 

A numltcr of glycnsyliunincs have Wen tested as inhibitors of the growth 
of tuWrcle bacilli . 16 Hocause of the ease of dissociation of most glycosyl- 
uraineH into tlioir components, it might lie exported that the action would 
lie similar to that of the free amine, except that the effective concentration 
might be greater. In general, the activity of glycoRyluminrB parallels that 
of the free bases 


a. Preparation 


X-Glycosides having uliphutie amines .and sukstituted anilines as agly- 
eons are prejuired simply by reaction of the amine and sugar, or acetylaled 
sugar, in aqueous or alcoholic solution . 713 10 The addition of u small amount 
of arid may improve the yield but is likely to facilitate isomerization. 


II 


(iiuruw- (110)11, c rii (t’lioiOi- r- xii- r,H, 

art- I I 

1 _ 0 1 


H 


PentMarctylBluruM* t'H (( 'll (Hr), -C Nil OiibCH, 

1 _ .0 I 


Depending upon the amine and the sugar involved, host yields are obtained 
by the selection of either ammonium chloride or hydrogen chloride as 
catalyst ; in some instances, the addition of u catalyst is unnecessary and 
even undesirable . 17 Weakly basic amines, such as p-nitroaniline, will not 
react with the acetylaled sugars although they form N-glvrosides with tin* 
free sugars . 18 

14 (1. Kallner, V H.Putent J ,Sh2,270. June 7, 103.2, W H I'alroK anil W \ Dour 
lass, li. B. Patent 1,790,080, Mar 17, 1031 

11 IT Lehr, 11 Hlcii'li nml 11. KrleuniPV'r, Heir Chun. Acta, 88, 1415 (11*45) 
"M.Fn'rejarqui 1 , Cnmpl raid ,Mt, 111)0 (1113(1) ;K llanauka,./ Hiochem (Japan), 
81, 95 (1010); F, Wcjunud, IUr.. 73, 125!) (1010). 

•' 11. Kuhn anil L. Hirkiifer, Her , 71, 821 (10, W) 

"M Frdrejftpquc, Compl rend , 807, 038 (1038) 
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uhsiobtbi or the carbohydrates 


From D-ribose, N-pyranosides are formed at room temperature whereas 
N-furanoaides (the stable isomers) are produoed when the solutions are 
refluxed. 11 

Of particular interest are the N-glycosides with two amino groups in the 
aglycon. Such substances are intermediates in the synthesis of isoalloxazine 
derivatives similar to riboflavin (vitamin li s ), the hydrogen-transporting 
ooensyme. The o-nitroaniline N-glycosidos, prepared by the reaction oi o- 
mtroaniline and eugars, are reduced by hydrogen in the presence of alkyl 
amines to the o-phenylenediamine N-glycosides. 1 " An alternative procedure 
involved coupling substitutcd-uuiline N-glycosides with diasonium salts 
and reducing the resulting azo dyes with hydrogen and nickel, or zinc and 
acetic acid, to substituted o-phenylenediamine N -glycosides. 11 The 1,2- 
diamini)-4,5-dimethylbenzcnc N-glycosides react with alloxan to iorm 
flavin glycosides (see Rit>ofliiviii synthesis, p. 395 ) 

o-Phenylcnpdiaininc reacts with two moles ol glucose to tonn the di- 
glucosyl derivative or w T ith one mole to give a derivative in which both 
amino giotips arc substituted *Undei oxidizing conditions, n benzimidazole 



structure is produced, tlriess and Hairow repot I tliat at least four com- 
pounds an* foimed from glut use and o-phcnyleuedimninc The stiuctures ol 



these compounds need study particularly in light of the present knowledge 
of the Aniadori rearrangement (p 380). 

A better method foi the pivjwration ol (lies' derivatives involves the 
reaction of the uldonie and sm-ehnrie acids with o-phenylenediamine: 

/ 

OCOH + C-C*H 4 |NH B ) t — • 

HCOH HCOH N 

I I H 

11 L Berger and J lieu, J Ory . Chem f II, W (1940); J. Lee, V V MolmBsen and 
L Berger, U 8 Patent 2.3S4.102, Sept 4, 1Q45 

IB Brit. Patent 461,215, Feb 8, 10.37 

»P. Karrer, U. S. Patent 2, 237,074, Apr J, 1041 

■P Griess and G Harrow, Bet , $0, 281, 2205, 3111 (1887); B. Schilling, tM., 
34, 002 (1901). 
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Xytobenzimidasole forms the 2,5-anhydro derivative when heated with 
sine chloride. 1 * The bensimidasoles arc useful for the characterization of the 
sugars and of the oldonic, saccharic and uronic acids. 1 ' 

From glucosone, compounds with quinoxalinc structures are produced. 11 



fa quinoxaline) 


Urea, thiourea and guanidine condense directly with glucose under con- 
ditions similar to those used for the amines.* 

Glucose f H.NCONH, -♦ H (J— N— CO- -NHi 

HCOH 


Glucose urea 


The urea derivative forms a |>entaacetate upon acetylation with aretir 
anhydride and zinc chloride. Since one acetyl group is bound to a nitrogen 
atom, the compound probably has i ring structure; otherwise, n hexa- 
anctatc would Ih- expected 

Thp urea N-glucoadr reduces Kchling solution much more slowly than 
u-glucose. The Rarfoed reagent is not affected in thirty seconds at 100°(\ 
Upon treatment with phenylhydrnzine, thp compound is eonverted 1o the 
oBazonc but more slowly Hum for glucose 
The salts and lactones or the aldonic and saccharic acids react ivurlily 
with phenylhydnizine to form the hydnizidrs. 17 The low solubility and ease 
of crystallization of the hydruzides lias led to their use for the characteri- 
zation and isolation of the acids. Aniline reacts in a manner similar to 
pheny lhydrazine . 

OCOII <H'- NH--NHH 

■ i 


I 

HCOH 


f RHN— Nil, 


HCOH 

i 


N C. F. Jiuubner, R. Lohmar, R. J. Dimlor, 8. Moore and K. P. Link, J. Biol 
Che m., 189, 603 (1046). 

M S. Moore and K. P. Link, J. Hid C 'him., 138, 293 (1940k 
"H.Ohle, Her., 37, 166 (1031). 

M N. Schoorl, Ret. trav. chim., 83, 31 (1003); R. B. Morrell and A. E. Helium, J 
Vhem.Boc.,91, 1010 (1007); B.IIelferich and W. Koeohc, Ber., 89, 80 (1926);K.Quebl, 
U. 8. Patent 2,1 16,040, May 10, 1038. 

17 L. Maqucnne, Bull, sue chim., |3J 48, 710 (1887); E. Fischer and F. Passmore, 
Ber., 83, 2728 (1889) 
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CHEMISTRY OF THE CARBOHYDRATES 


Many aminopyriniidincs do not condense directly with sugars. The lack 
of reactivity may be due to tautomerism of the omidinc type : 



(4 - \uiiiiii]).vriini(line 1 


IloAvever, 4 1 0-cliamino-2-inr1hylpyrimidine in alcoholic solution marts w \ih 
xylose to give fi-amino^-D-xyIohylamiiio-2-methylpyriinidinc. 2H 

N-Glucosides formed from Hulfuniliimidc are of interest I >e cause of the 
pharmacological importance of the aglycun.” They may l>e prepared by 
the reaction of the aglyron v\ith glucose and are splil, in rivo, with the 
liberation of sulfanilamide. A novel t\ ik* of compound derived from sulfa- 
nilamide is prepared bj r the reaction of glucosamine and N-aeetylsulfanilyl 
chloride. The resulting 2-desoxy-2-sulbmilylami]io-D-glurosc (I) has no 
efFert on experimental streptococcal or pnemnoenreal infection in mire, 
and the liaeteriostatic action i*> low. In 50 per rent acetic arid, the free 
amino group marts with the reducing group of the glurnsammr to form the 
corresponding N -glycoside (1L). 



i 

— c — 
i 

m 

N-Glucosides, reported foi Milfapyridine, sulfamcthylthiazole and sulfa- 
guanidine, contain two molor. of sugar. i * 3 " Tin* biological action of the prod- 
ucts is similar to tliat of the aglyrons except that, for the sulfapyridine 
derivative, activity against cholera organisms was sliown. 

u J. Baddilcy, B. Lytligoe and A R. Todd, J. ('hem tior,, 571 JD43) 

11 Many references to 1 he prejmral ion and projHTl ies id I liese compounds are given 
by E. L. Jaeksun, J . Am. ('hem. Sue., ft 4, JU7J (1942;. 

,0 S. F. Lur’e and M. M. Nliemyakin, J. Gen. Chem. il/.tS S.R.), 14 , 035 U944); 
('hem. .Uaf., 89, 4507 (1015). 
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An important method of synthesis is based on the reaction of the acetyl* 
glycoeyl halides with nitrogenous compounds or their metallic salts. De- 
aoctylation gives the free N -glycoside. 


HOBr | 

II ON HR 1 

1 0 4- R Nil, 

— ► 1 0 

HOAr 1 

1 1 

ITOOAr I 

1 1 


The silver salts of purines and pyrimidines reart in this way to give 
N-glycosides.* 1 Them 1 compounds are synthetir nucleosides. (Naturally 
occurring nucleosides are discussed later in this chapter.) 

The acetylglycosyl halides react with silver cyanatc or thiocyanate when 
refluxed in xylene solution to give derivatives with — NOO or — NGH 
groups in place 4 of the halogen atom. 42 The products generally are amor* 
pilous hut are valuable intermediates for the preparation of N-glycosides of 
the urea and hydauloin series, and possibly of the pyrimidine series, al- 
though attempts to prepare the latter compounds have been unsuccessful. 
The sugar isocyanates react with ammonia to produce urea N-glycosides 
and w'ilh alcohols to give urethuns The sugar isothiocyanutes yield the 
corresponding Olio derivatives 

(Ar til) NCO + NH. -» 'Ae- (ill Nil- CO- MJj (At— G1 is the 

aeelylated 

(Ac 0.1) -NOH 4 r.H.011 -> i Ac (II) XII OS OC,II, Rlyrosyl group) 

Tetraacetvlglucosyl isolhiocyanate (I) reacts w f ith glycine ethyl ester 
liydrochloride to give tetraacetylglucosyl ethyl thiohydantoate (II) which 
on dcsulfurutioii and saponification is converted to glucosylliydantoin (III) 
or to glucosvlhyilantoic acid (IV).** 

(Ar 01)- N=C=S 4 lDMUCOOR - HCl -> 

(I) 

(Ar (til NH- OH NH— 011.00011 ♦ 

(II) 


(Ac 01) NH 00 Nil- Oil, OOOR 


KOU 


0.1 Nil— 00 XH CHiOOOK 

j lint and 


/ 1 ‘ 


0.1 Nil 00 Nil OH 0001! / (1| “ N 00 


(IV) 


00 


HID 


HN - OH, 


“ K. Fischer and B Hrlfrrirh, Btr , 47, 21V (19U), P. A Levuno and J Ooupton, 
J Biol I'hrm , 114, 9 (1036), 117. 37 (1037) 

" E. Pisrhrr./lrr , ^7, 1377 (1014); T H, Johnson umi W Bergmann, J. Am. Chem 
Nor., 00, 1916 (1933). 

“ K HariiiK ami T li Johnb.m, J 1m ('hem Nor , 35, 3U6 (1033) 
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CHEMISTRY OF THE CARBOHYDRATES 


By condensation of acetylglycosyl bromides with potassium thiocyanate 
(instead of silver thiocyanate), tlu* glycosyl thiocyanates are produced 
(instead of the isothiocyanates). 

(Ac — Git— Br + KCNH - (Ae-GI)-HCN 

At higher temperatures, rearrangement of the thiocyanate may take place 
with the formation of the isothiocyanate ,l 

(At — GD— SCN (Ac— G1)-N(’H 

Potassium thiocyanate and Btrong hydrochloric acid react with aldose 
sugars to give compounds which appear to have a ju-thiolglucoxazoline 
structure 1 * (III or II). The products an* oxidized by H 2 Os to the corre- 
sponding p-hydroxyglucnxazolines. 


1 o 


0 

l/\ 


/ \ 

H CS 

1 1 ! 

1 h cm 

I iii 

HC N V 

l 

IIC NH 

| 

(HCOHjs 

| 

1 ' 

flic Oil), 

1 • 

1 

HC 

| 

1 

HC 

| 

CHiOH 

CIMM 

mi* 


HI) 


Nitrogenous bast's may read directly with acetylglycosyl bromides to 
torn N-glycosidcs. In this mannci 1-glucoaylcytosine (1) has been pre- 
pared. 11 With more basic nitrogenous substances the reaction is likely to 


OGxHi 

✓ c \ 

N CH 


C.H.OCH CH 

V 

H j 


OC,H, 

A 

N CH 

I I 

"V” 


NH, 


NH t 

A 

N CH 

I I 

OC CH 

V 


to 


HC 

I 

HCOAr 


□Ac | 


CH 

I 

HCOAc 


n 


CH 

I 

HCOH 


n 


lead to the production of 1 ,2-glycoseens (see under Glyooseens). The 
action of diethylamine on tetraacctylglucosyl bromide leads to tetraaoetyl- 


«A. Muller and A Wilhelms, Her., 74, 60S (1941) 

W G. Zeinplt'n, A. Gerece and M. Itadoa, Her , 89, 71S (1936); W 11 Hromund and 
H. M. llerbat, J. Org Chem , JO, 267 (1945) 

"O E. Hilbert and K. F Jansen, J Am. Chem, 8oc , 88 , 60 (1986) 



NITROGENOUS DERIVATIVES 386 

1 ,2-(Jlucoeeen ,T or, depending on the conditions, to diethylamine tetra- 
acetyl-N-glucoside. ,, 

Nicotinamide (3-pyridine carboxamide) condenses with tetmacetyl- 
glucosyl bromide to give nicotinamide tetraacetyl-N-ghieoside hydro- 
bromide which is readily reduced in the aromatic nucleus by NatSaOa 
(sodium dithionite) to 1 ,2 or 1 ,0-dihydro derivatives.*' The reduced and 
deacetylated N-glucoside has absorption bands identical with those of di- 
hydrocozymase, the hydrogen-transport ing coenxyme of many biological 
systems (p. 393), and il is oxidized by tho flavin coenzyme in the presence 
of air. The corresponding pyridine N-ghieosides have absorption curves 
different from those of the cozymase. 

b. Reactions ot N-Glycosides 

The reactions of the N-glycosides are dependent to a considerable extent 
on the nature and basicity ot the nitrogenous base involved. Unfortunately, 
the reactions have usuully not been considered from this stondiwint ; hence 1 , 
it is difficult to inukc generalizations. 

All N-glycosides arc hydrolyzed by acids. The pyrimidine N -glycosides, 
however, an 1 so icsislunt to hydrolysis tlial the sugar may be destroyed in 
the process; this stability is decreased by hydrogenation ot the pyrimidine 
nucleus. Very dilute acids bring alnnil an isomerization of the N-glycosides 
of primary aromatic amines 1 o ket Ooe derivatives (Amadori rearrangement ) 
Aoetylated N-glycosides an- readily hydrolyzed by dilute acetic acid, and 
only the nitrogenous base is lcmoved; this procedure provides a method 
for the preparation of partially acetylated sugars in uhich the reducing 
group is free. 40 The natural purine anrl pyrimidine N-glycosides ore fairly 
stable in tlie presence of alkali and do not reduce Folding solution, but 
many synthetic N-glycosides exhibit a considerable reducing action. 

Many N -glycosides exhibit mutarotiition which may be due to the 
establishment of an eiiuilibrium between the alpha and lwta isomers and 
the corresponding SchilT liase or possibly to a partial hydrolysis.* 1 

X It 

ItHNt'lI I (' -H IICNIIH j 

I O I I O 

neon ! neon noon i 

I I I I 

Srhifl base 


11 K. Maurer, Her , 68, 332 f!029j 
« J. W. Baker, J. Ckem. Soe r 1305 (1020) 

*• P. Karrer, B. H Bingier. J Bilrhi, H. Kritiache and l r . Holman, Uelv Chim 
Acta, 60, 56 (1037) . 

*• J l*e and L. Berner, U 8 Patent 2,384,104, 8ept 4, 1045. 

41 J. C. Irvine and R Qilmour, J. Ckem. Soe., 98, 1120 (1008); 98, 1545 (1000); 
tt . Kuhn and L. Birkofer, Bor ,71,1585 (1038); J W . Baker, /. Ckem. Soe., 1206 (1029) 
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The mechanism outlined necessitates the presence of a hydrogen atom 
attached to the nitrogen atom, i.e., Ihe aglycon amine must bo a primary 
amine. However, the observed mutarotation of the corresponding deriva- 
tives of secondary amines may be ascribed to the formation of an inter- 
mediate quaternary ion : R J N' t —( )H — (OIK )TI)r OH »OH . 

The postulation of an equilibrium between the N-glyeosides and the 
corresponding Sehiff bases is substantiated by the addition of IICN to form 
nitriles : 4 * 

CN 

I 

H— N=CH— ( OHOHI,— ClIjOII + H ON -* It NH C1T((']I0I1)«— CIWOH 

N-Furanosides mutnrotatc to equilibrium \ allies different from those for 
the corresponding N-pyranosides. 41 How ever, if hcul ed in alcoholic solution , 
the pyranosides are converted to furanosides. 

c. Am a Dorn Rearrangement 

Amadori 11 reported that the product initially formed from n-glucose and 
p-toluidine was very labile and isomerized in the presence of acids into a 
"stable 11 form. The "labile” isomer was thought to Ik 1 the N-glucoside and 
the "stable" isomer the Sehiff liase. However, the "stable" isomer gives 
positive color reactions for ketoses; it is reduced to X-p-tolylmannamine 
(IIT) and it forms a hydrnxylamine derivative. 11 From this evidence, it 
is clear that an isomerization from a D-glueosc (I) to n D-frurtnse (II) 
derivative has taken place. This is called the Amadori rearrangement . 

HC=-N -CJgll* - (’Hi IIjC -Nil— C.H 4 CH, H,C NH -('.If, - I'll, 


1 

1 



11 con 

H+ 1 

-* CO 

1 


u. 1 

HOC1I 

| 

1 

I 

l 

(Amadori 

II 

i 


rearrangement ) 




The reaction is catalyzed by hydrogen ions. It seems to Ik* general for 
N-glycosides of primary aromatic amines, but it fails to ocrur for the 
corresponding derivatives of alkylamines. 48 The ratalytic effect of hydrogen 
ions on the conversion makes it probable that the reaction takes place 
through the cation of the Sehiff base (II p. 387) and the sugar enol (III) 
which rearranges to give the 1 -substituted ketose (IV). 46 * 

« W. v. Miller and J llochl, Her., 27, 12S1 (1804); K Votofek and 0 Wicbterle. 
Coll. Czerhoslov. Chew f'tunmun , 9, JOfl (1037) 

41 L Berger and J Lee, J Org Chcm , 11, 75 (1046). 

44 M. Amadori , Atti accad. Linen , [6J B, 337 0025); 12, 72, 103 (1931 ), V N. Cam- 
eron, J . Am. Chew. Hoc., 42, 2737 (1026). 

4B It. Kuhn and F. Weygand, Her., 70, 760 (1037) 

41 a. F. Weygand, Her , 79, 1250 (1040) ; b K Mitts and R M. Hucun, J. Ant. Chem 
Hoe., 66, 483 (1944) 
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1 

HOCH 

1 

HOCil 

hoch 

HOCH 

1 

(IJ 

(Il> 
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(IV) 


Hydrogenation of the ketose derivative (IV) produces l-desoxy-l- 
(arylammo) sugar alcohols. Since a new asymmetric center is produced, 
two isomeric alcohols may lie formed, but the yield of the two possible 
isomers is influenced greatly by the acidity of the medium employed for 
the hydrogenation. 17 In arid solution catalytic reduction of l-desoxy-l-p- 
toluidincfructose (V) takes place only in the aromatic ring (VI); but in 
alkaline or neutral solution , it t akes place with the format ion of 1-desoxy-l - 
p-toluidincmannitol (p-tolyl-n-mannuminc) (VII). 
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«F. Weygand, Ber., 73, 1250, 1278 (1W01, 
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CHBM6TBY OT THU CABBOHYDKATES 


However, fur l-desoxy-l-p-toluidine-L-ribuloae, add reduction yields 1- 
deaoxy-l-toluidine-t-arabitol whereas alkaline reduction produces 1-desoxy- 
l-toluidine-L-ribitol. 41 These reactions provide a new method for the produc- 
tion, from the readily available N’-arabinosides, of 1 - (N -substituted ) -rihit ol 
derivatives of (lie tyjx* of riboflavin. The react hum an 1 also of inteirst in 
providing a possible merlianiam for the in riro formation of riboflavin. 

d. XuuLEObints" 

Partial hydrolysis of the widely distributed nucleir anils produces a 
group of \ -glycosides railed nueleosides. Them* are eombinat ions of ])iirines 
or pyrimidines with o-ribose or 2-drsoxy-D-nbuse The structures of ihe 
purines and pyrimidines most commonly found in nucleosides bind in the 
nucleir acids) are outlined inflow and the mimes of the corresponding 
nurleosideB are given. 
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Several other compounds of the nucleoside type have been isolated from 
vetch seeds.* 0 Vieine, believed to lie 2 , 5-diamino-4 , 6-pyrimidinedione N- 
glucoside, is accompanied by a similar nucleoside, eonvieine. Prom yeast 
extracts, an adenine N -thiomet hylpent oside, probably the 5-thiomethyl- 
riboside, has lieen isolated. 01 

Preparation of Nucleosides. Lcvene and Jacobs 00 treated yeast nucleic 
add with ammonia in an autoclave ( I75°0.) and isolated several crystalline 

4t F. Weygand, Bor., 78, 1260 (1040). 

00 General references- Bee under Nucleic Acida. 

"H. Ritthaueen, J. praki. Chm., [2] Of, 202 (1B81) ; 89, 350 (1884); H. J. Fisher 
and T. B. Johnson, J. Am t'hem. Sue., 84, 2038 (1032). 

01 U. Suzuki and T Mori, Bioehem Z , t8t, 413 (1026); G. Wendt, Z. physiol 
Chm., m, 162 (1042; 

“ P. A. Ijevene and W. A. Jacobs, Bor., 48, 8164 (1010). Bee also P. A. Levene and 
L. W. Bus, under Nucleic Acida. 
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ribonucleoaidca : adenosine (adenine N -ribof uranoside ) , guanosme (guanine 
N-ribofuranoaidc ) , cytidine (3-cytosine N -ribofuranoside ) and uridine (3- 
nraoil N-riboiuraniMddr). The method has been improved by Phelps 11 by 
the use of magnesium oxide rather t han ammonia. Almond cmulsin contains 
enzymes which hydrolyze nucleic acids to the nucleosides, and it lias been 
used for llicir preparation.' 1 Picric* acid, which formB double salts particu- 
larly with adenosine, is useful for separating the products of hydrolysis. 
The picric acid is removed os the potassium salt." 

The enzymic synthesis ol inosinc and guanosinc from the corresponding 
purines and ribose 1 -phosphate has been accomplished using enzymes 
(nucleoside phosphorylases) obtained from the liver tissue of rats." The 
synthesis is of particular interest b< “cause it probably represents the process 
by wliich nucleosides are synthesized naturally. 

Structure 0 / Nucleosides. All of the known nucleosides from nucleic acids 
have furonose structures. This type oi ring was shown ior guanosine and 
adenosine by methylation and sulisequent hydrolysis to a trimethylribose. 
The latter substance is oxidized by nitric acid to inartivp dimcthyl- 
nteso- tartaric acid” and, henoe, is 2,3.5-trimethylribose. Bredereek" 
showed tliat uridine, cytidine, adenosine and inosinc react with trityl 
chloride. Since tin* reagent reacts preferably with primary alcoholic groups, 
the substances were assigned furauose structures. Methyl ribopyranoside 
does not react with trityl chloride under the conditions employed; hence, 
this conclusion seems to Is* justified although it is known that secondary 
alcoholic groups will react under drastic conditions. Tin* trityl group can 
be replaced with a tosyl group (after substitution of the free hydroxyls by 
methyl or acetyl groups) uud finally with iodine." Since the replacement of 
a tosyl group w ith iodine (by reaction w T ith sodium iodide in acetone) goes 
readily only with esters ol primary alcohols, the furanosp structure receives 
additional support. 

There has been some duulit concerning the position ol attachment of 
the purines to the sugars ol purine N-rilHisides and N-desoxyribohides. 
Levene’s arguments fur the 7-position in the purine nucleus apply equally 
well to tlu> 0-position (see p. 388 for structure), but lie preferred the former. 
Inasmuch us nomjwrison of tin* absorption spectra® of the nucleosides 

■ F. ]\ Phelps, U. S. Patent 2,152.602, Apr 4, 103!). 

M U. lirotlererk, A Martini and K. Itichtur, Bcr., 74, 604 (1941). 

■ H. Bredereek, Her , 71, 1013 (1938). 

« H. M. Kaickar, Federation Proe., 4, 248 (1945). 

* T P. A. Levene and R 8. Tipaon, J. Riot. Chew., 94, 809 (1932); ff, 491 (1932), 

M H. Bredereek, X. physiol. Chem., MS, 61 (1934) 

" P. A. Ijevene and R. 8. Tipaon, J. Biol. Chem., 106, 419 (1934); 109, 023 (1933); 
161, 131 (1937). 

" J. M. Gulland and £. R. Holiday, J. Chem. Roe., 735 (1980); J. M. Qulland and 
L. F. Story, ibid., 092 (1938). 
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with those of the corresponding 7- and 0-methyl-aglycons shows corre- 
spondence of the 9-methyl purines with the nudeosideR the sugars are 
probably attached through the nitrogen atom at position 9 of the aglycon. 
This structure is also confirmed by evidence from inethylation studies.' 1 
The ring connection of uridine, a pyrimidine derivative, was shown' 1 ’" 
by methylation and hydrolysis to lie at position 3, for the product of the 
hydrolysis is 1-methyluracil, and the only other nitrogen atom is at 
position 3. 


0=C — CII=C1I O—C’ 

|u> <»l CHN I I 

IIN — C-— N Gr — (H, N 0 N Gl' 

II II 

0 0 


[GV — 5 trityl 
2,3-fliurrtyl- 
ribofuraimsyl 
group) 


The nucleosides containing desoxyriboso are prepared from thymus 
nucleic acids by enzymic cleavage. One successful method requires parsing 
thymus nueleic acid through a segment of the gaslrointestiiml tract of a 
dog and collecting the product from an intestinal fistula. 61 Dir emulsins 
from the mucosa of the small intestine and liver an 1 mure suitable for general 
application. 64 

The sugar present in the thymus nucleosides is 2-desoxy-i>-ribosc , identi- 
cal with the synthetic sul stance prepared from n-arabinose and arahinal. 66 
The principal evidence for the type of ring structure of these nucleosides 
is that trityl derivatives are formed. 66 Hence, the sugar rings are probably 
of the furnnose type. 


2. Nucleotides 67 

A. Preparation and Structure. Careful partial hydrolysis of nucleic acids 
produces nucleotides (phosphorylatcd nucleosides) which are composed of 
one mole each of sugar, phosphoric acid and a purine or pyrimidine base. 
The hydrolytic conditions must be mild; otherwise, the nucleosides will l>e 
produced through the loss of phosphoric acid. Alkaline or enzymic hydroly- 
sis of yeast nucleic acid gives two purine and two pyrimidine nucleotides; 
acid, however, degrades the two purine compounds. 68 The pyrimidine 

11 II. Brcdercck, (1. Muller and E llerger, Bcr ., 73, 1058 (1040). 

P. A. Ijcvene and It. 8. Tipmm, J. Rtol. Chcm., t04, 385 (1934). 

IJ P. A. Levcnc and E. 8. London, J . Bio!. Chem., 89, 703 (1920) 

M S. J. Thannhauficr and M. Angcrmann, X. physiol. Chew 186 , 13 (1929); F. 
Hielschowsky and W. Klein, ibid., 867, 202 (1932). 

11 P. A. Lcvcno, L. A. Mikeska and T. Mori, J. Biol. Chem 88, 785 (1929-30) . 

•• P. A. Levonp and 11. 8 Tipson, J Biol . Ch?m , 109, 023 (1935). 

" See. J. M. Oullund, J. Chcm. Sor , 208 (1944). 

11 H. 8. boring and F. 11 Carpenter, J. Btol. Chcm., 160 , 381 (1943); II. Hteudel. 
Z. physio!. Chem., 188 , 203 (1930); P. A. Levcne, J. Biol. Chem 40, 415 (1919). 
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nucleotides are so much more stable than the purine derivatives that the 
two types may be separated by the action of acids. The brucine salts have 
value for the separation of the four nucleotides from yeast nucleic arid. 
However, the great difference in solubility in pyridine may be used as the 
basis for the separation of the pyrimidine nucleotides.*' Adenylic acid is 
best isolated as the aluminum picrate salt.™ 

The general constitution uf the purine nucleotides is demonstrated by 
their hydrolysis by acids to a purine and ribose (or 2-desoxyribosel mono- 
phosphate and by alkalies to the nucleosides and phosphoric acid. Hence, 
the order of the constituents in a purine nurlenlide must l)e: 

H + 011- 

i i 

purine- sugar- phosphoric arid 

Because erf their acid nature, the nucleotides are often numed as acids, e.g., 
adenylic acid (nucleoside iH adenosine), inosinic acid (nucleoside is in- 
osine), etc. 

Muscle adenylic acid and iuosinie acid, found free in yeast or tissue 
extracts, have the phosphoric acid residue at carbon 5 of the cugar whereas 
the nucleotides obtained by the degradation of nucleic acids an* esterified 
at carbon 3. The structure* of the ribose mono phosphate obtained by acid 
hydrolysis of inosinic acid is shown by its oxidation by nitric acid t o phospho- 
ribonic acid. 71 Since nitric ucid oxidizes primary alcoholic as well as free re- 
ducing groups, phospho-ribo-t rihy dmxyglut aric acid (and not phosphorib- 
onic acid) would be produced if the phosphoric acid group did not block the 
primary hydroxyl on carbon 5. This evidence is confirmed by tin* synthesis 
of inosinic acid by the phosphorylation (with POCIj) of hypov.uithinc 2,3- 
monoisopropylidcne-N-rilarfuranosidc followed by the removal of the iso- 
propylidene group. 7 * luasmucli us muscle adenylic acid may Ik* dcaminated 
with the production of inosinic acid, 7 ' both compounds must be cstcritied 
in the same positions. 

The adenylic acid obtained by the hydrolysis of yeast nucleic acid differs 
from t he adenylic acid of muscle tissue extracts. The dcaminated ucid hydro- 
lyses spontaneously in aqueous solution, an<l a ribose monophosphate muy 
be isolated. This product cannot he substituted at positions 1 , 4 or 5 because 
it is oxidised to a phosphoribonic acid and forms both furannsidcH and 

*' II. Bredcrooh and (i. Richter, Nir., 71, 7 1 S (1938) 

71 M. V. Bttoll, J. Biol. Chcm., ISO, 389 (1943). 

11 P. A. Levcnr and W. A. Jacob*, Ber., U, 746 (1911) 

** P. A. Levrnc and li. N. Tipaun, J. Biol. Chrm., tit, 313 (1935) 

'* (<■ Knibden and C. Schmidt. phymut. Cheni., 181, 131) (19291; (1 Schmidt, 
ibid., 170, 243 (1928). 
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pyrauosides. An ingenious method was devised to distinguish between posi- 
tions 2 and 3. Thus, the phosphoribose was reduced by hydrogen and 
platinic oxide to a piiosphoribitol. Since this reduced product is optically 
inactive, it must lte the 3-phosphoribitol (a meso compound). The isomer 
substituted at position 2 would be active. Hence, yeast adenylic acid is 
3-phoaphoadenosine. T 1 The synthesis 7 ' of yeast adenylic acid from adenosine 
by methods which phoBphorylate preferentially the hydroxyl of carbon 3 
odds some support for the 3-phosphoadcnosine structure. The pyrimidine 
nucleotides from yeast nucleic acid are assumed to have similar structures 
since they form trityl derivatives and since their solutions in the presence 
of boric acid do not have a greater conductivity than boric acid ulonc 71 (no 
contiguous hydroxy groups; seep. 49). Uridylic arid lias been synthesised 
by the reaction of trityluridine with diphenylphosphoryl chloride nnd subse- 
quent removal of the trityl and phenyl groups. 77 

B. Adenosine Di- and Tri-phosphoric Acids. Extracts of nuisele tissue 
contain a compound which is adenosine estcrified with three moles of 
phosphoric arid. 7 ' Arid hydrolysis of the adenosine triphosphoric arid 
produces one mole of adenosine, one of ribose monophosphate and two 
moles of phosphoric acid. Neutral hydrolysis, however, gives muselr 
adenylic acid and pyrophosphoric acid. 7 ' Lehmann has suggested the 
formula illustrated for the adenosine triphusphorie arid, but definite proof 
has not lieen given and other formulas have been proposed.* 1 Since the 
structures of other biologically important substances depend on this 
formula, it is important that additional evidence lie obtained. 

Support for the Ivohm&nn formula for adenosine triphosphoric arid is 
given by studies 11 of adenosine diphosphoric acid (see below). The latter 
compound is hydrolysed by an enzyme of snake venom (Russell’s viper) 
with the liberation of pyrophosphate (tUMM and orthophosphate 
(UaPtfc). The production of pyrophosphate would lie expected from the 
Lohmann formula if tlio hydrolysis takeB place at the point of esterification 
with the ribose residue. 

•>P. lipveiie and H. A. J< arris, J. Biol, t 'hem., Wf, (I (1032); 101, 41(1 111)33) 

71 U It. Darker and J. M. GuJland, J. Chrm. Sue., 231 (1042) 

II. Brodereck, X. physiol. C 'hem., SSi, 70 (1034) 

77 11. Bredcrcrk and K. Berger, Bar., 7 It. 1121 (104(1); J M Uulland and (4 1. 
Hobday, J. (’hem Sot., 740 (1040). 

; 'C II Fiake nnd ^ Hnljhamr, Srienre, 70 , 381 (1020) , K laihmann, Nalvrwinm- 
M-haJttn, 17, 021 1 1020) 

71 K. lohmann, Bioehem. X., MW, 100, 120 (10351. 

M II K. Burrenarheen and W. File, Btnrhem. X., iBO, 281 (1032); T. Satoh, J 
Hiochem , SI, 10 (1036). 

J M Ciulland and K Walah, J. Chrm. Sue., 100 (1945). 
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By the act ion of enzymes, one phosphoric acid group is amoved from 
adenosine triphosphoric acid, and adenosine diphosphoric acid is formed. 
Those two acids are extremely important liecause they form |uirt of the 
phosphtiryluting system of .yeast fermentation and of 1 1n 1 anaerobic con- 
version of glycogen to lactic acid in animals. In the presence of certain 
proteins from yeast or muscle and of magnesium ion, Irnnscsterifications 
with sugars oi degradation products take place and the udeuosiue tri- 
phosphoric acid may give up a phosphoric acid group or one may be laken 
up by tile adenosine diphosphoric acid. 

OH 

I 

It OH + Adenosine triphosphoric acid It — 0 — P=0 

OH 

- 1 - Adenosine diphosphoric acid 

These acids an* cocnzyincs for many biological reactions in which phos 
phorylation takes place. 

C. Biologically important Substances Related to the Nucleotides. As 
defined, tht' nuclcotidt's art' purine or pyrimidine N-glyeosidt'S esterifieil 
with phosphoric aritl (N-bjise-sugar-phosphoric arid). Several vitamins of 
(lie H -group and cnenzymes haw closely similar structures with different 
aglycons, with ribitol instead of ribose, or with other differences. 

Cozymtm. Tliere oceui> in yeast and in muscle tissue a dialyz&ble sub- 
stance feoenzyme) which is necessary for the in vitro fermentation of sugars 
by yt'ast extracts. Concurrent work 81 in the laboratories of Warburg and 
tiuler establishetl the following formula for the cozymase (CoZ) (also 
called roenzyme I, cotlt'hydrogenase I or diphnsphopyridine nucleotide) 

■O Warl>urg, W Christian and A. Grieae, Btockem. X., t8t, 157 (1085); H. v. 
Killer and F Selilenk, 7. physiol, ('hem., >46, 54 (1087). 
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The eozymase might Ik 1 considcnMl sis a mixed dinuelootide consisting of 
adenylic acid and a second nucleotide-like compound which lias one of the 
B-complex vitamins (nicotinic amide) as the aglycon. Almond emulsin 
hydrolyzes eozymase, and nieotiniunide N-ribosidc may l>e separated from 
the hydrolysate. 1 * 

The cozvmase functions as a hydrogen acceptor, or donor in the reduced 
form, and as the coenzyme for many biological oxidation-reduction reac- 
tions. Two hydrogen atoms are consumed per mole and dihydrocozymase 
is produced. Hie hydrogen atoms are probably taken up by saturation of 
the double bond of the quaternary nitrogen of the nicotinic amide ring. 
The reaction lakes plan' only in the presence of specific proteins which 
form easily dissociable conijxmnds with the cozy muse*. Although the 
eozymase acts as a hydrogen acceptor fur many biological reactions, the 
associated protein varies with the reaction involved. Some 3ft different 
enzymic reactions are known for which eozymase* acts as the coenzyme. 
Negclcin and Wulff 81 crystallized a protein which acts with eozymase (CoZ) 
to dehydrogenate ethyl alcohol or reduce acetaldehyde. The reaction nmv 
l)e represented : 


(MI,01I 4 


CnZ 


piotein 


cihnio + Ouz 


Ui 


Other alcohols are also oxidized by this enzyme system. Although eozymase 
is also required for the conversion of 1 ,3-diphosphoglyceraldehyde to 1 ,3- 
diphosphoglyccric acid, the corresponding protein (apoenzymo) is different 
from that necessary for the reduction of acetaldehyde. 88 

In reactions erf this type then' is some confusion as to what may lx* called 
an enzyme 1 . Nouberg and Euler 86 express the equilibrium between the 
coenzyme and protein as : 


Apocnzyme 4- Cornzyme Iloloenzyine 


11 F Schlenk, Arc*. Biochem ., 3 } 93 (19131. 

14 E Xcgripin ami If. .T. Wullf, Bmhcnt. % , 2U3, 351 (1937). 

14 O Warburg and W. Christian, Biochrm % , SOI, 221 (1939); K. Npgolpin and 
H. JimnieJ, ibid., 301 , 135 (1939). 

M V. Xuuherg and II. v. Euler, Btochem. 240, 245 (I93i). 
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Some investigators consider the protein -cocnzyme complex (liolocnzyme) 
as the enzyme whereas others reserve the term for the protein (apo- 
enzyme). 87 

Cocnzyme 1 I. This substance (codehydrogenase 11 or triphosphopyridine 
nucleotide) occurs in many tissue and plant extracts and fulfills the same 
function as the cozymnse (cocnzyme 1) of acting as an accept or of hydrogen 
or as a donor of hydrogen a hen in the reduced form. It seems to have a 
structure similar to that for the coenzymp I but the molecule contains a 
third molecule of phosphoric acid, the position of which is disputed. 
Enzymes exist which phosphorylate the cocnzyme 1 to coenzyme ll. kl IW 

Riboflavin. Another coenzyme for oxidation-reduction reactions is the 
phosphorylatcd rilxjflavin. Riboflavin, also known as vitamin H 9) or laeto- 
flavin, lias lieen synthesized. 81 * The structure and a method of synthesis are 
illustrated. 
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Of particular interest is the occurrence of n-ribitol in the vitamin. Ribo- 
flavin was identified by Warburg nnd Christian as a constituent of the 
"yellow enzyme'* first crystallized by Theorell. The yellow pnzyme, another 
of the oxidation-reduction enzymes, acts apparently uh an intermediate 
between roenzymp 1 or II anil oxygen. It takes up hydrogen from the 
reduced forms or the cix'iizyme I or II and gives il up to oxygen directly er 
through the intermediary of hemntin compounds (the cytochromes). 
Theorell succeeded in separating the “yellow enzyme’’ into a protein and a 

11 Hee: M. Dixon, Ann. He v. Niorhrm., 8, 2!) 11030); J. O. Farnan, Am. Hep. Sopirt 
Mei., 1, 485 (JW4). 

»U. v. Euler and E Adler, /. physiol. Chon., ZBS, 41 (1038). 

"P. Karrer, K. Hchiipp and P. Beni, Helv. CHtm. Acta, 18, 426 (1635); H. Kuhn, 
K. Beineniund and R. RlroMe, Be i 08, 1765 (10351; F. Bergel, A. Cohen and J. W. 
Haworth, J. Chem. Sue., 165 (IMS); M. Tuldcr, J, W. Wellman aud K. Ladenburg, 
J. Am. Chem. Soc., 07, 2165 (1046). 
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phosphorylated riboflavin and in recombining them. Neither of the com- 
ponents, which are in equilibrium in solution, has any action when alone. 
The natural phosphorylated riboflavin was shown by the following series 
of reactions to have the phosphate group at carbon 5 of the ribitol residue." 

B 

I 

nil 

I 

(CHOH)i 

I 

nisOH 


The iinul product was shown to he identical with the trincelate obtained by 
acetylation of the natural material 

lHaphoranc. In the yeast fermentation system and other biological sys- 
tems, still another compound called diaphnrase (or “coensyme factor”} 
may act as the intermediary for the transfer of hydrogen from reduced 
cosymuse to the hematin compounds . 11 The substanrp is a dinueleotide oi 
adenylic acid and riboflavin phosphate. 

OH OH 

I I 

Adraiiiir— fD-ribowj - 0 — P— 0 — P — O - riboflavin (Diuphnnwci 

I II 

O 0 

The diaphoraae is another cocnzyme ; depending upon the specific protein 
present (apoenzyme), it may act as an amino arid oxidase, hr a receptor of 
hydrogen from reduced cozymase or possibly os & xanthine oxidase 1 

3. Nucleic Adds 67 ' 9 *’ 94 

Hie nucleic acids or polynucleotides are of considerable biological im- 
portance since they arc constituents of all oclls. In combination with 

10 R Kuhn, 11. Rudy and F. Woygand, Ber., 69, 1543 (1936). 

11 II v Kuier and H. Hellstrom, Z. physiol, Chem MB, 31 (1938); J. G. Dewan 
and 1). K (liecn, Btochem. J., SB, 626 (1938). 

w General Mnrences: T. B. Johnson, “Organic Chemistry,” p. 1005; Editor 
II Gilman John Wilev and Sons, New York (1938). P A Levene and L. W. Bass, 
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proteins, they make up the nucleoproteins. The crystalline viruses have been 
identified as nucleoproteins. The nucleotide or nucleoside nature of several 
U-complex vitamins and cunnsymes makes it likely that a biological rela- 
tionship exists between these various substances. 

Sugars, phosphoric acid and nitrogenous bases (piuineB and pyrimidines) 
are the ultimate hydrolysis products of the nucleic adds. Peculiarly enough, 
the sugar components art 1 the rare D-ribose and 2-desoxy-n-ribose. For a 
lung time, the nucleic acids were used as the source of n-rihose (see under 
o-ribnhe in Chapter III ). With the possible exception of L-lyxose which has 
been reported" to be present in the hydrolysis products of yeast nucleic 
acid, no other sugars are known to occur in nucleic acids. The nitrogenous 
I Hvses which arc found in the hydrolysis products are the pyrimidines: 
cytosine, 5-methyleytosine, uracil and thymine; and the purines: adenine 
and guanine (see p. 388 for the formulas of these liases). 

Partial hydrolysis by alkali or by enzymes produces nucleotides and 
loudly nucleosides. These partial hydrolysis products are descrilied in pre- 
ceding sections. Tin* nucleotides are composed of one mole each of phos- 
phoric acid, sugar and purine or pyrimidine, and the nucleosides of one 
mole ul the sugar and purine or pyrimidine. 

Nucleic arid 

1 

Nurleofidee 

i 

\urleoBitlcH 4 11|P0 4 

1 

Purines 01 pvmnidinrs 4- o-riboae or 2 -defHixyriboMC 

The two chief tyis's of nucleic acids are represented by the yeast and 
thymus nucleic acids. 'Hie two tyfies have been distinguished us “plant” 
and “animal” nucleic acids occordmg to their supposed occurrence. Jt now 
Heems more probable tliat Iwth lypes iwcur in all living cells. Although it 
Iuih liecn suggested that nucleic acids of the thymus type an* nuclear 
constituents and those of the yeast type are rytoplasmie constituents, •* the 
morphological studies of Caspcrsaon and Schultz** indicate that the acids 
of the yeast type originate in the nucleus and diffuse into the cytoplasm. 

‘Nucloie Acids;” A.C.B. Monograph No. 55, Chemical Catalog Co., New York (1081) 
It. 8. Tipanii, Advances in Carbohydrate Chtm., 1 , 193 (1948). 

” For methods of preparation, see: L. I<aufer, U. 8. Patent 2,379,912, July 10, 1915; 
K. Kedfcrn, U. 8. Patent 2,3X7,040, Oct. 16, 1945. 

14 J. M. Gulland and C. R. Barker, J. Chm. Sot., 525 (1043). 

** M. Behrens, Z. physiol. Chm., US, 185 (1938) . 

" T. Casperason and J. Schultz, Proe. Natl. Acad. Sei. (/. 5., N, 507 0940). 
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Since th? principal known difference between the several nucleic acids lira 
in the nature of the carbohydrate component, they may be divided into 
ribonucleic acids (formerly plant nucleic acids) and desoxyribonucleic acids 
(animal uudeic acids)." 7 As indicated by the name, the former yield riboBe 
and the latter 2-desoxyribose on hydrolysis. These substances are not well 
defined and their homogeneity has often Iwen questioned. Although gen- 
erally considered as tetranucleotides, Ihe naturally occurring products may 
be of high molecular weight *® and the products actually isolated vary 
greatly in their degree of polymerization.'" 

A. Thymus Desoxyribonucleic Acid. Enzymic hydrolysis of thymus 
nucleic acid gives small amounts of four dcsoxyrihosc nucleosides: guanine, 
tuleninc, cytosine and thymine N-2-desoxyribosidcs. , "• Acid hydrolysis of 
the nucleic acid leads sometimes to the isolation of mono and diphosphoric 
acid esters of 2-desoxyribosyl thymine and cytidine. These result s are 
interpreted as indicating that the thymus nucleic ucid consists of four 
nucleosides (two pyrimidine and two purine) ronnerted by means of 
phosphorie arid linkages. 1 " 1 
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(nerniding to Lcvcncl 

The Levene formula agrees with the results of eleetrometrie titrations 1 "* and 
wit li the production of diphosphoric urid esters of pyrimidine N-2-de- 
soxyribosides. Ma kino 1)1,1 proposes a cyclic formula similar to the levene 

17 F. W Mien, .Inn. Rev. Bio rhem , 10, 22J (1!)41). den additional auKKeatioiw by 
A. W. Polliatnr and A. E. Mirsky, Naluir, IBS, 092 (1043). 

"K. Signer, T CaspersHon and E. Hainmaraten, Nature, 141, 122 (JU3K) 

” (i Snhinult, E. (J. Pmkcle and I’. A. Levene, J. Biol, ('hem., 177,261 (1030); 
W. E. Fletcher. J. M. Gulland, I) O Jordan and H, E. Dibben, J Chem. Bor., 30 
( 1011 ). 

100 P. A. Levene, J. Biol. Chem., 48, 119 (1021); II. Bredercrk and G. Caro, Z. 
phtjmol. Chem., tSS, 170 (1038). 

101 P A Levene and It. S. Tipann, J. Biol. Chem., 109 , 623 (1035) 

,M P. A. Levene and II S. Simula, ./. Biol. Chem., 70, 327 (1026). 

K. Makino, Z. phyewl Chem , B98, 201 (1035). 
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structure, while Thannhauser 1 ” suggests that the linkage between the 
nucleotide unitB is formed by condensation between phosphoric acid units. 


guanine 

1 

adenine 

1 

pytoeinp 

1 

thymine 

l 

2-desoxyribo8P 

1 

1 

2-denoxyribosp 

1 

1 

2 dreoxyriboee 

1 

1 

2-desoxyribose 

1 

1 

HO— P- 0 

1 

P- 

1 

O- --P 

1 

0 — --P— Oil 

II 

II 

I 

II 

o 

0 

0 

0 


Thymus desoxyribonucleic acid 
(according to Thannhauaer) 

B. Yeast Ribonucleic Acid. The yeast nucleic acid yields on alkaline 
hydrolysis four nucleosides: guanine, adenine, cytosine and uracil N-n- 
ribosides, or, under milder alkaline conditions, the four corresponding 
nucleotides. Electrometric titrations earned out by Levene and Simms 1 w 
indieated the presence of four primary and one serondary phosphoric add 
groups. With these results as the principal sustaining evidence, Levene 
proposed the following formula which is analogous to that for the thymus 
nueleir acid. 

guanine () cytosine 0 adenine O uraril 0 

II I II I II I II 

Riliopr- () -P—O — rilwjse — U -P — 0 — ribnse— 0— P— 0— ribose — ()— P" OH 

i i i i 

Oil OH OH OH 

Yeast ribnnucleir acid 
(according to Levene) 

Probably because oi the amorphous nature of the nucleic arid and ol 
the consequent diHieulty of purification, later workers report different titru- 
lion data. Fleteher, Oulland and Jordan 10 * find their preparations to have 
four ionizable hydrogen atoms, one of which provides a secondary disso- 
ciation. Since they have demonstrated that their product is a polymerized 
tctrauueleotide, their titration data eould he interpreted as indicating that 
the tctranucleotide os formulated by Levene polymerizes by condensation 
between a phosphate group of one tetranuclcotide and a hydroxyl group 
(sugar hydroxyl at carbon 2?) of a second tetranuclcotide. However, from 
other data, these workers also find it necessary to modify the Levene 

1,1 See: W. Klein and A. Rosai, Z. physiol, ('hem., Ml, 104 (1036). 

1(1 P. A. Levene and II H. Rimma, J. Biol. Che m., 70, 327 (1026). 

'“W. E. Fletcher, J. M. Oulland and I). 0. Jordan, J. Chen, floe., 33 (194 1); 
J M Oulland and 10 Walah, tlnd , 172 (1046). 
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formula by connecting two of the individual nurlentide units to Ihp phos- 
phate group of a third nucleotide unit. 

Takahashi 1 " 7 reported that enzymes which hydrolyze monoesters of 
phosphoric acid have no effect on nucleic arid although, according to the 
Levene formula, it has one singly esterified phosphoric acid group. (This 
observation is disputed by Klein who was unable to reproduce the earlier 
results of Takahashi.) Makino 10 * measured the titration curve lor the 
nucleic acid and found evidence for four primary hydrogens and no sec- 
ondary hydrogens. To fit this evidence, Takahashi anil Makino propose a 
cyclic formula. 


OH 

I 

(Jytomin* ribost* —0— ' P 1>- --nbuBe- guamm* 

I II I 

0 0 0 

1 I 

no- p=o o=p— on 

I I 

o o o 

.1 I' .1 

mJeiuiii- ribose - O — P — O- - -ribnne uracil 


OH 

Yeast ribonurlne arid 
(according to Takahashi anil Makmu) 

The linkage' between tlic nucleotide units cannot imolve ainino groups 
of purine and pyrimidine liases, lor deamination of the yeast and thymus 
nucleic acids takes place without concurrent hydrolysis. As a result of a 
study of the products of partial hydrolysis ot yeast uucleic aeid by the 
action of aqueous pyridine, Hredcrcck and associates 1 "* hare also provided 
information on the arrangement of the nucleotides in the nueleie acids. 
Thus, partial hydrolysis produces guauylic aeid and a trinucleotide which 
liberates adenylic acid on additional hydrolysis. This information, which 
agrees best with the ljpvene type of formula, indicates that the gunnylie 
acid is at one end of the letranucleutide and that the cytidylic and uridylic 
acids are connected together, llolomey and Allen 110 have obtained similar 
lesultB by partial enzymic hydrolysis. 

H. Takahashi, J. Bioehen. (Japan), 18, 443 (1932). 

1,1 K. Makino, Z. physiol. Chm., 986, 201 (1935); F. W Allen and J J. Eiler, 
/. Bid. Chm., 197, IS? (1941). 

1(1 II. Bredereek, E. Berger and F. Richter, Bet., 74, 338 (1941); P. A Levene 
and W. A. Jacobs, ibid., 49, 3150 (1910). 

UI R. A Bolomey and F. W. Allen, J. Bid. Chm., 144, 113 (1942). 
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As is obvious from the previous considerations, the position of the 
phosphoric acid residues connecting the nucleotides is still in doubt . Levone 
and Tipeon, because of the much greater stability of the thymus nucleic 
acid to alkaline hydrolysis as compared with the yeast nucleic acid, con- 
sider that the hydroxyls of carbons 3 and 5 of neighboring desoxyribosc 
units of the thymus nucleic acid are connected, for yeast nucleic arid, 
the hydroxyls of carbons 2 and 3 of the ribose units probably are involved. 

C. Nucleic Add of Tobacco Mosaic Virus. The cryst allinc vine, is u nucleo- 
protein which on hydrolysis yields 5 to 0 per rent of a ribonucleic add. 111 
The freshly isolated nucleic acid has an average particle weight of about 
300,000 and decomposes spontaneously to particles with a molerularweight 
of about 61,000. IU Both products are highly asymmetric 

4. Reactions of die Sugars With Substituted Hydrazines and 
Hydroxylamine 

Hydrazines (R — Nil — NH S ), hydroxylamine (NHjOH), seinirarbazide 
CIljN — NHCONHg), and other nlrogenous bases react with sugars in a 
manner somewhat similar to that of the amines Many of the products 
mutarolate in solution and exist us ring forms and as acyclic derivatives 
analogous to tlic Schiff base isomers of the N-glycosidos. The most im- 
portant of thesp sugar derivatives an* those prepared from phenylhydraxinc 
and other hydrazines. The oximes are intermediates in the Wohl method 
of shortening the carbon rluiins ot sugars, and both the oximes and semi- 
rarba zones have lieen utilized for the preparation of the aeyrlip nldehydo- 
sugars (p. 153) 

A. Hydrazones and Os&zones. 11 ' The reartiou ot phenylhydrazine with 
the sugars was discovered by Fischer 114 and was extensively employed in 
the classical work which established the configuration of the sugars. The 
products obtained have been widely employed for characterization and 
identification although they are somewhat difficult to purify, and the 
melting points are often decomposition points, 11 * 

Hydrazones. When one mole each of phenylhydrazine and sugar react, 
phenylhydrazunes are formed. Most hydrazones arc water-soluble, hut the 
mannose phenylhydmzonc is so insoluble that it may lw used for the quan- 

111 F. R ltewdon and N W. Pine, Pine. Ron Bov. London, R 199, 274, (1937); 
H S. boring, J. Biol. Chem., 190, 261 (1939). 

111 8 S. Cohen and W M. Stanley, J. Biol Chem., 1U, 688 (1942). 

111 A. W. van der llaar, "Anleitung zum Nachweis, tur T rooming und Beetimmung 
der Monosaccharide und Aldehydsburen,” Oebrttder Borntraeger, Berlin (1920). 

1,4 R. Fischer, Bor., 17, 679 (1884). 

1,1 K Fierher, Bor., 41, 73 (1908). 
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titative estimation of mannose. The hydrazones are often of value for the 
separation of sugars, for they may be converted to the original sugars by 
treatment with benzaldehyde or with concentrated hydrochloric acid. 


no=o 

UC—N— NH— Ph 

110=0 

1 

H,N— NH-Ph | 

Ph-CHO | 

HCOH 

1 

HCOII 

1 

HCOII 

1 


PJ 1 ---CH— N- NH— Ph 

Substituted hydrazones less soluble than the phenylhydrazones arc usually 
employed. A hydrazine whirh is reported 11 ' to show great Rpeeifieity in re- 
acting only with Mows of eertain configurations has the following formula : 
HjN— N (CII,) — C.II* — C 'Hr-CJh-N (CTI,) — N II 2 . Substil uted hydra- 
zines suitable for the identification of some import ant sugars are as follows: 

p-Hromphenylhydrazine in acetir acid solution for mnnnosr, fur use and 
aralunose and probably riboso and tulose. 

a-Methylplienylhydrazine for arabinose, furose, mannose, galactose and 
talosc. 

p-Nitrophenylhydrazine for arabinose, rhnmnose, furose, glucose, fruc- 
tose. mannose, galactose and glueuronic arid. 

The conditions liost adapted for identification purposes are descried in 
detail by van der Hoar. 111 The formation of the hydrazonrs takes place 
most rapidly at pH 4 to 5 and in the presence of high concentrations of 
buffer. Phosphate ion is reported to have a greater eatalytir effect than 
acetate ion 117 and hydrochloric acid catalyzes hydrazone but not osazone 
formation, particularly in the absence of air. 11 ' 

Ardagh and Rutherford 117 find the reaction to be of second order whereas 
Compton and Wolfram 11 ' report it to lx* pseud o-monomolecular when a 
hydrazine hydrochloride solution buffered with acetate ions is used. 

Information valuable for the interpretation of the structure of the 
hydrazones is provided 11 ' by the reaction of a-mcthylphenylhydruziue with 
letraacetylgaluctopyranose (I), tetraacetylgolactofuninose (II) and oMc- 
/ij/do-pcntaaeet ylgalact ose (III). As all the hydrazones formed are eon- 
verted to the same pentoacetylgalactosc methylphenylhydrazonc (IV) 
when acetylated, it appears that the hydrazones have opon-ehain structures. 

IM J. v. Braun and 0. Bayer, Ber , 68, 2215 (1925J ; F. L. llumoller, ft. J. Human 
and F. H Snyder, J. Am. ('hem. Sop., 61, 3370 (1939) . 

111 E. G. It. Ardagh and F. C. ltutherford, /. dm. Chem. Nor., 67, 10R5 (1935). 

111 A. Orning and G. If. Ktempel, Jr , J. Org. Chcm., J, 410 fl!)39); G. II. Klcmpel, 
Jr., J. Am. Chcm. Nor., 66, 1351 (1034). 

111 J. Compton and M. L. Wolfriun, J, ,1m Chew Nor., 66, 1157 (1931) 
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IICOAp 
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IIOCII 

1 

AcOCIl 

1 
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I 

1 
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1 
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1 
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(III) 


The rati' of hydrazoiu* ioimation for the 1101*0 typos of gala close acetates 
is very different : 


k 

AMpAi/rfo-galactose ppntaarclatp 0 054 

Tptraacetylgalactufuranrwc 0 010 

Tpt raacet ylpila cl opyrannsp 0 00052 

This difference in the rate of hydrazonc formation makes it probable that 
the rate-determining reaction is either the opening of tlie rings (for the 
cyclic acetates) to form the acyclic derivatives or the direct reaction of the 
original substances with the substituted hydrazine. 

Although the acctyktcd galactose hydrazones probably have acyclic 
structures, the hydrazones with free hydroxyls may exist in the ring forms. 
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In solution, the sugar hydrazones show complex mutarotations which pass 
through a maximum or minimum. U8,1,l) ' lzI The failure of the mutarotation 
equation to follow the first-order equation indicates that three or more 
substances take part in the equilibrium. Two isomeric glucose phenyl- 
hydra zones exist , 122 and their structures liavc l>een extensively investigated 
by Behrend and collaborators. The so-called "betu” isomer is usually ob- 
tained, uml the labile "alpha” isomer is easily transformed into the "Ma” 
form. Hchrend and lleinslvrg 128 showed that the crystalline pcntaacotatc 
of the "tt n -glueose phenyl hydrazono has one acetyl group utt ached to a 
nitrogen atom lieeuiisp removal of the phenylhydraziue group gives acetyl- 
phenylhydmzine. Since one hydroxy] escapes acetylation, it is probably 
involved in ring formation, and the ‘V’-glucose phenylhydrazone is a cyclic 
isomer. The ncetylated "bet a” isomer, however, gives phenylhydrazine. 
This method of distinguishing Ijclwecn cyclic and acyclic acetyl derivatives 
lias lx vu improved by the development of methods for distinguishing l)c- 
tween N-aeetvl and O-acetyl groups (see l)elow under OsuzonesO. 

Sugar OHamirn. Hy treatment of sugars wit h an excess of phenylhydrazine 
at IOt)V M two phenylhydrazine residues are introduced into the molecule, 
and sugar osnzoncs, difficultly soluble in water, are funned . 1 * 1 Optimal con- 
ditions for the preparation of glucosuzonc have been determined . 126 The 
reaction proceeds most rapidly in the presence of acetate buffers at u pH 
of about I to (i; in more acid solution (particularly in the absence of air) 
and with the free base only the hvdrazonc is formed . 11 * 126 The presence of 
sodium bisulfite in the reaction mixture inhibits the formal ion of colored 
by-products . 127 

Osazouc formation is favored by the presence of electron-alt met ing 
groups attached to the hydrazine radical and is inhibited by the presence 
of alkyl groups. Nit rophenylosa zones ait* formed with ease under mild 
conditions. However, inethylphenylhydnizine oxidizes only primal}' aleo 
liolic groups under the usual conditions and forms osnzoncs from ketiises 
much more easily than from aldoses. 

The formation of osazones requires three moles of phenylhydrazine per 
mole of sugar but one mole is reduced during the reaction to yield one 

w 11. Jamlii, Ann., 27%, 170 (18921 

■« V L. Butler and L. II. Cretelicr, J. .4/«. Chem. Sue., 68, 4358 (1031). 

i»Z 11. Kkraup, MwriM ,70,401 (18H0); C. L. Butler and L. H. Cretcher, J. 4m. 
Chem. »Sfor M St, 3161 (1920). 

1M K. Belirend and W. Reinzberg, Ann., 877 , 189 (1910) 

K. Fischer, Ber., 17, 579 (1884). 

■« I). I), (iarurd And H. C. Sherman, J. Am. Chem. /foe., 40, 956 (1918). 

1,1 J. Kenurr and E. O. Knight, Ber .. (19, 341 (1936). 

117 li. H. Hamilton, Jr., J. Am. Chem. JSoe., 66, 487 (1934). 
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mole each of aniline and ammonia. Ul To explain the formation of the 
aniline and ammonia, the following mechanism has been proposed :**• 


HO-O 

| Pfa -NH-NH , 

ircoH 


1IC— N— NH~Ph 

I 

HCOH 


Ph-NH-NH, | 


lie— N- NH— Ph lie— N NH Ph 

t Ph-NH- NH, . 

f— O ■ O— N NH Ph 


I NH, 4 C.H, NH, 

It seems unlikely that n inducing agent as mild as the secondary also 
holie group (at rarbon 2) could reduce the phenylhydrazinc, especially since 
titanium trichloride does not Also, Weygand 1 * 0 has found that the 1-(N- 
aryl)-fructoses react with phenylhydrazines, under the same conditions a* 
those which favor osazone formation, with tlie production of good yields 
of the osazones The yields an* often higher tlian in the usual procedure 
starting with the sugar A new mechanism 11 '’ involving the Anmdori rear- 
rangement, proponed to agree with the above observations, is illustrated 
for the formation of a pheml osazone irom an aldose hydrazone 


Mititsc IK 1 — N 

i 

4 irroH 

II, N NHPh 

lie Nil NHPh 

II 

roll 


NllPh 


11’ 


Hr— N-llM4Ph 

I 

neon 


Ht^MI II (=N 

ZHiN-NHPh 

f 1 — O * C— \ 


NHPh 

Kill'll 


K’.II.NII. 4- NH t- 11*0 

The phenylosazones of the sugars, liecause ot their insuluhility, are of 
considerable value for the ident itication of the sugars. Since the asymmetry 
of rarbon 2 is destroyed in their preparation, the ONizones ot I hive related 
sugars (the Iwo cpimere and the corresponding ketosei are i<lentical 

HOO IICO H<*— N Nil Ph II, (’Oil 

III ' 

HCOll M " d HOt'II “* C— N--N11 -Ph C 1 — 0 


111 K. Knee hi aud F. P. Thompson, J Chem Soc , US, 222 (1024). 
1M K. Fiseher, tier , 30, 821 (J887). 
nn F Weygand, Her , 73, 1284 (1040) 
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There are but four d- and four (enantiomorphic) L-hexose phenylosasanes 
and only two d- and two L-pentosc derivatives. Thus, the preparation of 
the osazone of an unknown sugar may be utilized for the preliminary 
allocation of the unknown to a group of three possible sugars, and the final 
identification may be made on the basis of the preparation of difficultly 
soluble hydrazones whirh are characteristic of the individual sugars. (See 
above under Hydrazones.) Photomicrographs of many phenyl osu zones, of 
considerable value for identification purposes, are given by Hassid and 
McCready . 131 The rotations of the hydrazones and osazones are utilized 
for distinguishing between the d ,l isomers, and for this purpose a mixture 
of two volumes of alcohol and throe volumes of pyridine frequently lias 
been used as a solvent . 111 Confirmation of the identity of the osazones is 
achieved by conversion to the corresponding osntriazolcs (set* below). 

Although advantageous for the identification of the sugars, the phcnyl- 
osazones are not applicable to the isolation of sugars. The phcnylhydmzine 
groups are removed by treatment with benzaldehyde, concentrated hydro- 
chloric acid or particularly well by pyruvic acid , 1 31 but the resulting product, 
a sugar osone, is a mixed ketose-aldose. 

CH=N -Nil- Ph !](’=() 

I Khl'HO I 

r==N nh -Ph ~ * ('=() 

I 

(tIupom* jjhciiyJriMii/nni 3 ( rlurosonc 

Since the* sugar osazones mutarotate in aleoholie pyridine solution , 181 the 
elassieal formula for these substances may Ik* questioned, anti there is much 
evidence that they exist in eyelic as well as acyclic- forms. The subject is 
complicated because migration of the double bond possibly takes place. 
The mutarotation has been ascril)cd to a partial hydrolysis of the osazones, 
and appreciable quantities of the sugar and hydrazine exist in the equilib- 
rium solution . 115 This explanation is also supported by the ease with which 
the hydrazine radicals of the osazones are exchanged with hydrazine 

» l W. Z. Hassid and U M McPready, Ind Eng Chem , Anal . Ed , /4, 683 (1942) 

lsi It should be noted that in early work in this field it was often the custom to 
report the observed rotation rAthei than the calculated specific rotation. Also, the 
rotations given by Lcvene and LaForge, / . Btol. Chcm 50, 429 (1915), for a number 
of important osazones must be multiplied by 100 to give the correct values; cf F. W. 
Zerban and L. Sattlrr, Ind. Eng. Chem 54, 1182 (1942). 

1M E. Fischer and E. F. Armstrong, Ber 55, 3141 (1902); L. Briill, Ann chim . 
applicate, 55, 415 (1936). 

111 E. Zerner and H. Waltuch, Monatsh., 36, 1025 (1914). 

L. Engel, / Am Chem Soc., 57, 2419 (1935). 
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molecules in the solvent. When the second hydrazine is different from that 
used in making the osazone, mixed oBuzones are formed. 1 ”- 1 * 


HO— N— Nini 

I 

0=N— NHR 


f 2 NHj — NHR' -> 


HC=N -NHR' 

I + 

C=N — NHlt + 


HtJ—N- NHlt 

C'=N— NHll' + 2 UNII—NH ‘ 

I 


Mild acetylation of the glucose and galactose phcnylosazones leads to 
tetraacetates which aw shown, by a method of distinguishing between N- 
ocety] and O-acetyl groups, to have all of the acetyl groups esterified with 
hydroxyls. The method depends upon the stability of K-acetyl groups to 
alkaline conditions under which O-ucetyl groups are removed. 1 * 7 Since all 
acetyl groups are estcrified with hydroxyl groups, the totraacetyl glucose 
and galactose phcnylosazones must lie open-chain compounds, for the 
presence of a ring would allow only a triacetate to be formed. It should 
lie noted, however, that this method may not always be relied upon. For 
example, a,0-diacety]-phcuvlhydrazinr gives up one acetyl group under 
the conditions of the O-acetyl determination. (See also p. 411.) 

A comparison of the absorption curves of the sugar osazones with those 
of simple substances"'’ indicates that the sugar osazones are acyclic but 
methylation studies" 11 show the presence of a ring structure as illustrated 
in the following series of reactions: 

(CIliUOi , ■ |i ji-nitiobeniiddeh\ dr 

(xlucfwazoup NftOH > trimmivl(5lucofliLzom» — — * 

1 nmi'thv Igl uposorn* - hoSu~* 3,4,5-t nmol hylf ruotopy raiiotto 

Since the hydroxyl of carbon (i is not methylated, it is probably involved 
in ring formation. Inasmuch as l he methylation of the osazones proceeds 
with difficult y and most of the products are amorphous, this evidence can- 
uot be considered as final, although the analogous behavior of the osazones, 
hydrazoncs and other nitrogenous derivatives makes a ring structure seem 
probable. Similar metbylation evidence indicates a ring structure, for 
galactosazonc." 1 ' 

«• E. E. and E. G. V. Fcrcival, J. Chem. Soc , 750 (1941); E. VoloFok and R. 
Vondrttek, Btr., 87, 3848 (1904); C. Reubens, Bn., 38, 3387 (1899). 

MT M. L. Wolfram, M. Konigsberg and S. SoUzhcrg, J. Am. Chem. Soc., 68, 490 
(1936). 

U, E. E. and 15 O. V. Pereival, J. Chem. Sot , 1398 (1935). 

m J. R. Muir and E G V. Poreival, J. Chrn. Soc , 1479 (1940). 
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The oaasonrs of the sugars are converted to osotriazolrs when they are 
lieated in aqueous copjicr sulfate solution . 140 Theae derivatives offer con- 
siderable promise for (he identification of the sugars and as confirmatory 
tests for the presence of the parent osazonrs. The opport unity for isomerism 
is less than for the osazunes; hence, the melting points and optical rotations 
are of greater value for identification purposes. 

Osotriazolrs of diketones prexiously hud lieen deserilied by \ . Pech- 
numn ’ 11 who obtained them by the oxidation of the corresponding di- 
hydrazones The preparation of the osotriuzole of diaeetyl is illustrated 
below : 


CHi 

I 

C-NNC.H. ^ 

O— NNC,Ha 

! 

Cllj 

Diacety] 

OHotrtr&ftonp 

C^II 

l 

r=N 

! ' 

, Mall. 

I 

I ✓ 

c=s 

| t- (’,H,NII 

I'll* 

DlHITt \ I 

osotruuiilr 

The corresponding osot/inzoles ol the sugars an* binned ilmrtlv In (l.e 
catalytic action of copper sulfate. The formal ion ol the* phenyl-D-gluco- 
triuzole (II) from glucose phrnylnsazono (1) is illustrated below. Its 
structure is demonstrated by oxidation wil h jieriodie acid to the 2-pbcnyl-4- 
formyl-osotriazule (III) which is identical with the product obtained 
previously by \ Prrhnuinn from m onoacetyldin it rosoa cet one phenyl- 
hydrazone (IV) 

Redurtion id glucose phenylosazone by zinc and arctic arid 11 * oi 
by catalytic hydrogenation 14 * leads to the complete removal of one group, 

o* R. M. Hum amt l\ S Hudson, J. Am. ('hem. Hoe., 00, 735 (1914). 

mi |l. T . Pechmann, Her., it, 2751 (1RK8); Ann., XOt, 265 (1891). 

'» E. Fischer, Ber., 10, 1920 (1886). 

141 K. Maurer and B. Rohiedt, Ber., 08, 2187 (1935). 
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tliphenv lhvilra/on<‘ 
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HC— N(OAe) 

I 

6— NNHC'iH, 

I 

I 

HC—xoiI 


(IV) 

the splitting of (hr other and the formation of 1 -desoxy- 1 -aminufru close. 
The aminofructosc often is called iRoglurosamine because it hns the same 
empirical formula aw glucosamine. The structure of the amine is Hhown by 
its reaetion with nitrous acid to produce D-fructose. 114 Similar derivatives, 
with a substituted uiniuo group, result through the Ainadori rearrangement 
of the corresponding N-glucosides as descrilied earlier in this chapter. 

When the acetyl groups of aectylatcd sugar osazoncs are removed by 
the us(' of sodium hydroxide, unhydro derivatives are formed. Peraval 14 * 
lias shown tlrnt the phenylosazones of the tetraacetates of glucose, galactose 
and gulose yield the same dianhydrohexoac phenylosazone and, hence, that 
t he anhydro rings must involve carbons 3 and 4 This conclusion must lie 
correct, for the 1hnN‘ sugars differ only in the configurations of these two 
carbons. Evidently, Walden inversion must take place in the formation of 
the anhydro ring for certain of the sugars but not for all. The structure (I) 
is confirmed by the inubilily of tlie compound to yield a Irityl derivative 
(no CH*OII group) and by the formation of a monotu&yl derivative (one 
free hydroxyl). The configuration of the asymmetric carbon atoms has not 
been demonstrated. 
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144 K. Fischer sad J. Tafel, Ber., to, 2566 (1887). 
144 K. IJ. V. Peroival, /. Chem. floe., 1884 (1988). 
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Monoanhydro derivatives of glue osazone, galoctosazone, xylosazonc, arab- 
inosazone, cellobiosazonc and lact osazone and a dinnhydromalt osazone 
have been mode by boiling alcoholic solutions of the osazones with a little 
sulfuric acid. 1 * Percival 1 ' 7 1ms assigned the following structure to the 
monoanhydroglucosuzone ; 

r 0 j 

II OH 

I I 

Oil. -CH — C--C -(3 CH=NNHPh 

I I 

OH II 

PhN Nil 

The solubility characteristics of the reaction products of the sugars with 
unsuhstituted hydrazine (Nil* — Nil*) arc not favorable for identification 
purposes. The aldoses form aldazines, and the ketoses ket urines, in which 
two moles of the sugar arc combined with one mole of the hydrazine. 1 "' 1 
However, hydrazine reacts readily with sugur lactones to give rhurnrt eristic 
derivatives useful for identification. The larhmcs may be regenerated from 
the hydrazides by treatment with nitrous anhydride. 1 " 1 ’ 

B. Oximes. The sugars, probably in the frec-aldehyde form (I ), react 11 ’ 
with hydroxyluminr to give the sugar oximes (II or III). 


TH'=Q 

ll( — N 

Oil IIC -NOII 

l 

NUjOH HC1 . 

- + i 
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KOAr 1 

4 11 

1 

H COII 

II COII 

1 

1 

neon 

i 

(P 

tii) 

i 

(in) 


The oximes are too soluble in water and in alcohols to lx* of general value 
lor the identification of the sugars, but they an 1 very useful for preparing 
acyclic derivatives and for shortening the carbon clrnins of the sugars (Wohl 
degradation). 

Since the oximes mutarotate,"" the simple structure II is not sufficient 

ia 0. Diehls and 11. Meyer, Ann., 619, 1S7 (J035); E. Fischer, Ber., 17, 570 (1884); 
SO, 821 (1887). 

147 E. G. V. Percival, J. Chem. Hoc., 7H3 (1045). 

»«• E. Davidis, Ber., SB, 2308 (1806). 

,,,b A. Thom|jsun and M. L. Wnlfriun, J. Am. Chi m. Sor , OS, 1500 (1046). 

*«P. Kisehhicth, Ber , SO, 2673 (1887); K. Fischer and J. Iliwchberger, Ber., gg, 
1155 (1889). 

«• H. Jacobi, Ber., $4, 696 (189'l), 
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unless ayn and anti isomers exist. By analogy with the sugars, the mutaro- 
tation may be the result of the establishment of an equilibrium between 
the open chain (II) and cyclic isomers (III). Although only one crystalline 
glucose oxime is known, two crystalline hexaacetates have been isolated. 111 
One is obtained by the reaction of a/de/iydo-pentaucctylglucoac with hydrox- 
ylamine followed by acetylation. Because it is prepared from the acyclic 
form of glucose, it must be the acyclic oxime. At low temperatures, acetyla- 
tion of glucose oxime produces a second hexaacetate. 111 This (second isomer 
probably is a ring modification because crystalline 2,3,4,6-tetramethyI- 
glueose is produced after metbylatiun and hydrolysis. 1 * Confirmation of 
these structures for the hexaacetylglucose oximes is given by a method 
which distinguishes between N-acelyl (or X-acetoxy) and O-acetyl groups. 
As would lie expected, the cyclic modification has an K-acetoxy group, and 
the acyclic hexaacetate has only O-acelyJ groups. 111 This method depends 
upon the stability of the X-acetoxy group in alkaline solution. Thus, the 
arid-hydrolysis procedure of Frcudenberg and Harder 1 * removes all the 
acetyl groups of both hexaacetylglucose oximes, but alkaline hydrolysis 
removes only five O acetyl groups from the cyclic form and all six from the 
open-chain form. This resistance of N-acetyl and N-acetoxy groups to 
alkaline hydrolysis also seems to exist for other nitrogenous derivatives of 
the sugars. (Nee, however, p 407.) 

In solution, as is evidenced by the mutarota'tion and other reactions of 
the oximes, the cyclic and acyclic modifications of the sugar oximes seem 
to be in equilibrium Deacetylation of the acyclic hexaacetylglucose oxime 
leads to the known, ryclir, crystalline glucose oxime. Tliis isomerization is 
additional proof for an equilibrium between the various forms. Studies of the 
acetylation of the sugar oximes furnish additional proof. 111, 111 Low temper- 
ature acetylation of glucose oxime (1) with acetic anhydride and pyridine 
produces the acctylatcd cyclic isomer (V) ; at higher temperatures, the 
glucononitrile pentoacctute (II) is the main product. Since at the higher 
temperatures the acyclic hrxaacctylglucosc oxime (III) gives good yields 
of the glucononitrile pcntaacetatc (II), the acyclic oxime (IV) is probably 
an intermediate in the preparation of the nitrile. Thus, both cydir and 
acyclic acetates are formed in the acetylation reaction. 

The products obtained upon aeetylation of the sugar oximes depend not 
only on the temperature but also on the configuration of the sugar in- 

,u M L. Wolfram and A. Thompson, J Am. Chain. Sob., 63, 622 (1031); A. Woh), 
Bar., 36, 730 (1603). 

1,1 J. (3. Irvine and It. Gilmour, J. (them. Soe , 93, 1429 (1008). 

111 R. Behrend, Ann., 963, 106 (1007). 

1M M. L. Wolfram, M. Konigsherg and S. SolUberg, J. Am. Chem. Soe., 68, 400 
(1036). 

IH K. Freudonberg and M Hardei, Ann., 433, 230 U923). 
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00 

volvcd. m Tltt* arabinoso, rhnmnosc, xylose and glucosamine oximes yield 
only Hie nitriles us u result of low -temperature ueetyhition ; glucose gives 
the cyclic hexaacetate and mannose and fucosc the acyclic hexaacetates; 
galactose yields u mixture of all three types. At higher temperatures, the 
proportion of the nilrilr in the reaction mixture increases considerably. 

The Wold method for shortening the carbon chain of the sugars utilizes 
the aretylalcd nitrile prepared by the above procedure and is deseril*od in 
more detail elsewhere (Chapter III). 

5. Derivatives in Which an Amino Group Replaces a Primary or 
Secondary Hydroxyl Group 

A. Amino sugars (Glycosamines). m Occurrence anil Structure. Sugur 
derivatives which have an amino group in place of one of the primary or 
secondary hydroxyls of the sugars comprise the mnino sugars. The glyeo- 
svlamines (osiniines) have Itccii considered separately on page 376 
since' tlieii amino group is much more labile than that in the stable amino 
sugars. These compounds an' of considerable interest because several are 
found among the hydrolytic products of many polysaccharides and glyco- 
proteins. All of tlu> natural mcmlters of this group are 2-deso\v-2-umino- 
aldooes. Chit in, the principal polysaccharide of fungi, insects and crus- 
taceae, gives 2-desoxy-2-a minogl arose (glucosamine or ehitosamine) on 
hydrolysis. u<> A second nnlurally occurring aminohexose is chondnwamine 

,M R. M. llann and C S. Hudson, J. Am. Chrm. Nor , 69, ISOS (10371; K. Restclh 
dc Labrioln and V. Drulofeu, ibid., Bt , mil (1040). 

>"P. A. licvenc, Btochm 7. , 164, 37 (1021); J. Hint ('.hem., 65 , 06 (1026); “Hex 
oaamines and MuroproteLns”; Longmans, Omen and (to., J^ondon (1025). 

1,1 G. Ledderhow, Z. physiol. Chem., t, 213 (1878) ; 4, 180 (1860). 
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which forma galactosazone on treatment with phenylhydraane ; 1IT > UI it is 
2-deaoxy-2-aminogalactoee also known as galactosamine (see below). 

The N-methyl derivative of L-glucosaminc (the enantinmorph of the 
common D-glucosamine) has been isolated from the degradation product of 
streptomycin. 1 " It is interesting to speculate that the antibiotic activity 
of the streptomycin may arise from the presence of the L-fonn of the 
glucosamine. 

The structure of glucosamine is shown by the following reactions. The 
reducing group is unsubstituted m since the compound reduces Fehling 
solution and is oxidised by bromine to a six-carbon acid (2-drsoxy-2-amino- 
gluconic acid, ghicosaminic acid). The reaction with phenylhydiazine takes 
place with the low of the amino group and the formation of glucosasone. 1 " 
This evidence locates the amino group at position 2, but the rompound 
might lx 1 related configurationally to either glucose or mannose. Research 
lias been conducted on this problem but has proved difficult bceuuse of 
lark of knowledge concerning the mechanism of the removal of the amino 
group and of the mechanism of the reactions involved in the synthesis of 
the compound. Since both glucose and mannose derivative 1 ' may he ob- 
tained from glucosamine, a Walden inversion must lie involved in at least 
one of the reactions. The information obtained from the hydrolysis of the 
tosyl and the anhydro derivatives of the sugars, however, has made it 
possible to predict the occurrence of Walden inversions, and gliirosamine 
has licen shown to lx* a derivative of glucose and hot of mannose. 

The final evidence 11 ’ is provided by the synthesis of a glurosamine 
derivative (I) (accompanied by a derivative of d-desoxy-M-uminoaltrose ) 
by the reaction of ammonia on inethvl 2 , 3-unhydro- 1 , ti-dimet hyl-0-man- 
uosidc (IT). 1 " Inasmuch as ammonia reacts in the same manner with 
anhydro rings as docs sodium methylate and inasmuch ns the same nnhydro- 
mannosidc reacts with sodium methylate with the formation of glucose 
(III) and alt roue derivatives, the glucosamine in nil proliahility hits the 
glucose configuration. Application of Hudson's inundation principle also 
lends to a correlation with the glucose instead of the mannose configura- 
tion. 1 ® 11 


111 P. A. Ijpvbiic and F. B. UForge, J. Biol. Chrm., 18, 123 (1914). 

F. A. Kuehl, Jr., and Associates, J. Am. Chun. 8oc., 88, 536 (1946). 

'« E. Fischer and F. Tiemann, Bn., 87, 138 (1891). 

"• F. Tiemann, Ber., 19, 40 (1886). 

IM Mob! of the previous work has also shuwu that the substance has the glucose 
structure; the evldenrr has Item reviewed by 8. Peat, Anti. Septs on Progress 
Chen. (Che m. Bor. London)., 94, 289 (1937). 

1M W. N. Haworth, W. H. (i. Lake and 8. Peat, J. Chem. Soe., 271 (1939). 

10 A Keulierger and It. P Rivers, J. Chem. 8ur , 122 (1930). 
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Methyl 2,4,6- 

Methyl 2,3- 

Mrthyl 2-desoxy- 

trimelhyl- 

anliydrc>4 , fi- 

2-amino-4,6-di- 

0-glucoside 

ll imp thy] - 

methyl-l-Rluro- 


jS-mannoHiile 

Ride (methyl 4,6- 



ilinu*thyl-/5- 

gluroHaminirie) 

(III) 

(II) 

(I) 


Chondrosaminc has lx?en synthesized by methods that fix its configuration 
as 2-desaxy-2-aminogalaetose. 1M The synthesis 1ms Ix'en accomplished by 
the ammouolysis of 1 ,6-2,3-dianhvdrotalose (IV)- The ammonia adds to 
the 2,3-anhydro ring, and subsequent lj' the 1 ,(i-;iuhydro ring is cleaved 
by acid hydrolysis. One of the two products obtained was shown to be 
identical with natural chondrosainiuc. Since the addition of ammonia to the 
anhydro ring very prolmbly takes place with Walden inversion at the 
carbon atom to wliicli the amino group liecomes attached, the natural 
material (V) must be a galactose 1 derivative and the other a 3-desoxy-3- 
amino-idose derivative (VI). 



H H H NMj NH t H 

ID1 IV) (VI) 


Proof for the configuration of VI is given by its synthesis (along with 
4-desoxy-4-aminomannose ) from 1 , (}-3 , 4-dmnhydrotalose by ammouolysis 
and hydrolysis os above. 

Anhydro Derimlincs from Glucosamine. Treatment of glucosamine with 
nitrous acid does not lead to the replacement of an amine by a hydroxyl 
group; instead an anhydro ring is formed. IH ' ,0T The anliydrosugar formed, 
colled chitose (I), is a 2,5-anhydrosugar, for oxidation leads to chitonic 
acid (II) which is converted by the action of acetic anhydride to 5-hydroxy- 
methylfuroic acid (III) of known structure. 

When the above order of operations is reversed, i.e., when the oxidation 
precedes the treatment with nitrous acid, chitaric acid is formed. This 

1M S. 1\ Janies, F. Smith, M. Stacey and L. F. Wiggins, Natuic, 1 66, 309 (1945). 

111 E. Fischer and E. Andreas, Bcr., 86, 2597 (1003) . 
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anhydroaldonic acid is isomeric with chitonic acid. (For additional details, 
see under Anhydro Derivatives, p. 356.) 


ni(oii) -CH(OH) 

> C1I,0H — on cn— Clio — ■ 

\/ 

0 


CH(OII) — CHfOH) 

I I 

ni, 0 H— (H cn— coon 

/ 

o 

(II) (III) 

Preparation and Synthesis of Amino Sugars. Lobster and crab shells, which 
consist of enlrium carbonate, chit in and protein material, are hydrolyzed 
by concentrated hydrochloric acid to yield glucosamine and provide good 
sources of this substance. 1 '*' 1 ** Glucosamine, obtained as the hydrochloride, 
is converted to the free base by treatment with diethylumine or sodium 
methylate. The mycelium of the lower fungi has also been utilized for the 
preparation of glucosamine. 1 " Galuctosamine (chondrosamine) is formed 
from the naturally occurring chondruitin sulfuric acid (e.g., from cartilage 
and nasal septa) by tlie action of hydrochloric acid and zinc chloride. 170 

The difficultly soluble N-carbobcnzoxyglueosaminc, prepared by the ac- 
tion of corbobenzoxy chloride (CJlsCHsOCOCl) on glucosamine, lias been 
suggested 171 for the separation of the amino sugar from accompanying 
sugars. SchifF liases, particularly those from 2-liydroxy-l-naphthaldehydc, 
are of value for the isolation of both gluroRamine and chondrosamine. 171 

The classical method for the synthesis of 2-amino sugars of the natural 
type utilizes the osimines obtained by the action of ammonia on sugars. 170 - 171 
'Die process, which involves the addition of hydrogen cyanide to the 
osimines, results in the lengthening of the carbon chain; hence, D-arabino- 

»* G. 8. Hudson and J. K. Dale, J. Am. Chcm. Sor., 38, 1431 (1010). 

111 Bee: 0. E. May and G. E. Ward, J Am. Chcm. Roc., 68, 1507 (1034). 

170 P. A. Levene, J. Biol. Chcm., 36, 147 (1016). 

1,1 E. Cliargaff and M. Hovarniok, J. Biol. Chrm., 118 , 421 (1037) 

> n Z. E. Jolles and W. T. ,1. Morgan, Biochem. J., 34, 1183 (1040). 

171 E. Fischer and H. Leuchs, Ber., 36, 24 (1003). 
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simine must be used for obtaining glucosamine. The creation of a new 
asymmetric carbon results in the formation of two epimeric nitriles which 
arc hydrolysed to the corresponding acids and then reduced to the cone- 

C=N 

I 

JIC=0 HC=NH HCNH, 

llOC’Il NH, -> IIOCH HOCII 

I I I 

D-Arab- I 

inoee I 




Glucosamine 

sponding sugar amines. The glucosamine prepared in this fashion is identical 
with the natural product. The isomer obtained from the second nitrile, 
2-mannosamine, is the true epiglucosamine. A second so-railed “epi- 
glurosamine,” pitqNired by the following sequence of reactions, 174 has been 
shown to be 3-deBoxy-3-aminoaltrosc. IT> 

Cilural — * 1 ,2-dibromoglucal » methyl 2-bromoglucoflide — 

methyl 3-dpsoxy-3-aminoa]t reside (“methyl epigluoooaminide”). 

This transtonnation from a glucose to an alt rose derivative probably takes 
place through the intermediate formation a of 2,3-anhydro derivative, as 
originally suggested by Fischer, Hergmunn and Schotte, 17 ' and involves 
several Walden inversions. Evidence for this meclianism is supplied by the 
synthesis (considered altove in connection with the discussion of the 
configuration of glucosamine) of 3-desoxy-3-aminoaltrose and 2-desoxy- 
2-aminoglucose derivatives from methyl 2,3-anhydro-jtJ-maimotdde and 
ammonia. The preparation of amino sugars from the glycals is of particular 
value when amino derivatives of the rarer sugars are desired, for Walden 

m E. Fischer, M. Bergmann and H. Schotte, Bar., 68 , 009 (1020). 
l " W. N. Haworth, W. Tl. G. Lake and S. Peat. S. Cham. Soe., 271 (1090). 
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inwraana take place during (he formation of the anliydro rings and during 
tho opening of the rings by ammonia. 

The preparation of the 6-amino derivatives involves Ibe action of am- 
monia on the 6-halogeno, m the 6-tosy] or the 5 , 6-anhyrlro derivatives 1 ” 
of the sugars. 

As dencribed previously, glueosasone may be reduced to 1-desoxy-l- 
nminofructoeo (isoglucosamine). The l-(arylumino)-fructoses also an* 
formed by tlie action of dilute acids on the N-glucosidch (see Amadon 
rearrangement). 

Reaction* of the Amino Sugai h. The amino groups as well as the hydroxyl 
groups are eatcrified when the usual methods for acetylation are employed, 
and alpha and beta isomers an* produced. The N -acetyl group is more 
stable than O-acetyl groups, and, by alkaliue hydrolysis of the fully 
aoet.vlated derivative, N-acetylglucosamine is obtained. The reaction of the 
sugar amines with aldehydes leads to Schitf bases. Those formed from 
2-hydroxy-l-naphthaldehyde are valuable for the separation of small 
quantities of glucosamine and chrondosamine. 1 ” That from p-methoxy- 
bcnzaldehyde has value lor obtaining the tetraaeetylglueosamine in which 
the amino group is not acetylated. 17 ' Thus, the Schiff bate (I) is acetylated ; 
the aldehyde residue then is removed by acids to give 1 ,3,4,6-tetra- 
acetylglueosamine (11). Acyl derivatives of tlie amino sugars in which the 
acylating substance is an amino acid or polypeptide have been studied (see 
later section of this chapter). 
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1,1 E. Fischer and K. Z&ch. tier., U, 132 (1911). 

H. Ohle and associates, Ber., 81 , 1208 (1928); 80, 1022, 1630, 2311 (1086). 
1,1 M. Bergmann and L. Zervaa, Ber., $4 , 976 (1931). 
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The amino sugars form hydrazoncs, oximes, acyl halides, glycosides, and 
benzylideno derivatives analogous to those of the sugars. The methyl 
glycoside (methyl glucosaminidc) is very resistant to arid hydrolysis and 
has been considered to have a betaine structure : 17> 


I 1 

| HC— 0- 


HC- Nib — t'lli 


A betaine structure is also supported by the evolution of methylaminc 
when the compound is treated with alkali. However, the above formula 
seems improbable and the formation of the methylomine is explained tatter 
b}' a combination of formaldehyde and ammonia formed in the alkaline 
decomposition of the methyl 2-desoxy-2-aminoglucoside , the resistance to 
acid hydrolysis is probably due to the action of the positively charged 
amino group in repelling the hydrogen ion as it approaches the linkage 
undergoing hydrolysis. 1 “° The \alue for the actuation energy of the 
hydrotylic reaction agrees with this concept, for it is similar to that of the 
ordinary glycosides. The pyranos- ring structure ui the methyl 2-desoxy-2- 
aminoglucoside is shown by the following reactions. 171 ' 1W 

Methyl IMpsow- 2- ammoniums i ile cHJ~ ^ 

methyl 2 ilraoxy 2-(diiupthyliimiiii>)-g]urngirir - — - — ► 
methyl gluromflr (not isolated) - — > 

H+ 

mcth>l tcIranicthylgluroHuU* ► 2,3, 1,0 trlniiiirtlivlgluroMP 


The phenyl 2-dcsoxy-2-(ucctylainiiio)-gJucobidch an* hydrolyzed by almond 
emulsin, bul the enzyme (jS-glueosaminidase) differs from the 0-glucosidase 
which hydrolyzes the /J-glucosidcs. 1 '' 2 Snail emuLsin from Ildix pomalia 
has also been shown to have different enzymes for the hydrolysis of glueo- 
sidcs and 2-dcboxy-2-N-acetylaminoglucosidcs. 1M 

Glucosamine may be estimated by the usual iodine titration or by copper- 
reduction methods. A procedure based on the production of a color by the 
reaction of alkali-treated N-acclyl glucosamine with the Ehrlich reagent 
(p-dimethy]aminol>enzaldchyde in hydrochloric acid) has been devised for 
the determination of glucosamine. 1 1,1 The reagent gives a red color with 


m J. 0. Irvine and A. Ilynd, J. Chem. Soc , 101, 1128 (1SI12). 

180 R. C. G. Moggridge and A. Nouborgcr, J . Chem. floe., 745 (11)38). 

1,1 A. Neuberger, J. Chem Soc., 29 (1940). 

111 B. Holfcrich and A. Hoff, Z. physiol. Chem., 2X1, 252 (1933;. 
l » A Neubeiger and R. V. P. Rivera, Biochem. J 88, 1580 (1930). 

114 F. Zurkerkandl and L. Mpesincr-KlebcrmasH, Biochem. Z., 286 , 19 (1931); 
W. T. J Morgan and L. A. Ebon, Biochem. J 28, 988 (1934). 
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pyrroles, indicating that a heterocyclic ring may be formed by the action 
of alkali on N -acctylglucosaminc . The structure of the product formed by 
the action of alkali on N-acctylglucosamine has been investigated by 
White 1 ” who concludes that a glucoxasoline in formed. 

CH, OH — Oil — (C1T Oil), — CII — CH 

I 

0 

I 

N=C — CIIj 

0 

B. Glycamines and Desoxy Amino Glykitols. Derivatives of sugar alco- 
hols in which a CHiOH group has been replaced by a CH*NHj or CHiNHR 
group arc known as glycamines. The systematic name would be 1-desoxy-l- 
amino glykitols. Tlic first of these derivatives was prepared by Maquennc 
and Roux 1 ” by the reduction of oximes. Because vitamin I) 2 (riboflavin) 
is a derivative of n-ribaminc (l-dcsoxy-l-aminoribitol), the group of 
glycamines holds considerable interest for the biochemist. Glucamine (1- 
desoxy-1-aminosorbitol) and mcthylglucamine (1-desoxy-l-metbylamino- 
sorbitol) appear to show' some promise as intermediates for the preparation 
of wetting agents 187 and as solubilizing groups for pharmaceuticals such as 
theophylline.” 8 

The lower homologs of this series include ethunolainine (NIIjCHjCHjOH) 
and 2 ,3 -dihydroxy- » -propylamine. Ethunolumincin particular has achieved 
considerable industrial importance. 

As described curlier, the glycosylamincs (I) may lie reduced by catalytic 
hydrogenation to glycamines (II). 189 

HC=Nlt H,C— NHR 

I — I 

I I 

(I) (ID 

»* T. White, J. Chcm. Soo., 428 (1940) ; W. II. Bromund and B. M. Herbs! , /. Org 
Chem., 10, 207 (1946). 

1M L. Maquennc and £!• Roux, Conipt. i end., ISi, 980 (1901); E. Roux, A tin. chim. 
phy»., [8] 1, 72 (1904). 

1,1 Bee for example: W. H. Cal rot 1 , II. R. Patent 2,060,860, Nov. 17, 1986; 2,016,956, 
Orl. 8, 1935; 11. A. Piggot, V. R. Patent, 1,985,424, Dec. 25, 1034; 2,091,105, Aug. 24, 
1937. 

E. 11. Volwiler and E. E. Moore, l T . H. Patent 2,161,114, June 6, 1939. 

1,8 Ree referencoH previously Riven and: R. U. Hint and P. L. Ralzkorg, U. S. 
Patent 2,016,962-3, Oct. 8, 1935; P. L. Saicberg, U. S. Patent 2,193,433, Mar. 12, 1940. 
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The Amadori rearrangement of glucoeylarylamines given 1-arylamino- 
fructoaes, which may be reduced to glucamineu and mannamineB. (See under 
Amadori rearrangement). Reduction of glucosasone with sodium amalgam 
gives fructusamine ( 1 -de»oxy-l -aminofruct ose). ,8 ° 

Closely related derivatives arc produced by the reduction of glucosamine 
and derivatives to a product sometimes known as glueosaminol. A mom 
systematic name is 2-desoxy-2-aminosorbitol. The N-acetyl derivative is 
obtained by tlie catalytic hydrogenation of N -aretylglucosanune and the 
unacetylatcd compound by reduction of the hydrochloride. 1 " Free glucos- 
amine undergoes an interesting Cannizzaro reaction when reduced cata- 
lyticallv to give 2-dcsoxy-2-aminngluronir acid (glucusaminic acid) and 


2-deRo\y-2-aminosorbitol. lw 
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The nitrogen utom oi glucamines may lie used to form salts with fatty 
acids that arc said to be of value as wetting agents and for other piirposts 
(See above). With oxalic acid, they form characteristic salts. 

Nitro alcohols corresponding to the glycamines are obtained by treat- 
ment of sugars with nitronu*thanc. m TIip 2 , 4-benzy]idene-i,-\vlopyruuobe 
in methanol solution adds nitromethane under the influence of sodium 
methylate to give 2,4-benzylidenc-G-nitro-(»-desoxy-D-Horhitol from which 
the benzylidene group is removed by hydrolysis with acids. Catalytic 
reduction gives the corresponding amino alcohols. 

6. Combinations of Sugars with Amino Adda and Proteins 18 1 

Colorimetric methods indicate that most proteins contuin several pei 
cent of carbohydrates. 1 * 1 The carbohydrate portion, although small, is oi 
considerable biological importance. Many such combinations act as antigens 

«• £. Fischer, Bet., 19, 1020 (1886). 

1,1 P. Karrer and J. Meyer, Helv. Ckim. Acta, 90, 626 (1037). 

,M P. A. Levene and C. C. Christman, J. Biol. Chem., 190, 675 (1037). 

lM J. C. Svwden and H. O. L. Fischer, J. Am. Chem. Soe., 67, 1713 (1045); 08, 1511 
(1046). 

IH For early history see: S. Frfinkel and C. Jellinek, Bioehem. Z., 186, 392 (1027). 

,M M. Sdronsen and G. Haugaarri, Bioehem. Z., 960, 247 (1933); B, Gurin and 
D. B. Hood, J. Biol. Chem., 199, 775 (1941). 
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and induce tiie formation of antibodies in animals, and often the specificity 
is due mainly to the carbohydrate portion. It has been suggested that the 
ensymes which hydrolyse carlwhydrates (glyrosidases) may be proteins 
which contain carbohydrates and that the sugar portion may be responsible 
for the marked specificity shown by these ensyme». m 

The combinations of amino acids with sugars may play an important 
part in the changes which take place during the dehydration and storage 
of natural products. As shown by the early researches of Maillard and 
others, 1>T solutions of sugars and amino acids develop brown to black colors 
and pronounced odors wlien heated. The development of these changes may 
be detrimental in many foods such as in dried fruitR and eggs. On the 
other hand, they may lie lieneficial as in malt , l'or the color, odor and foam- 
ing properties iinjiart desirable characteristics to beer. 

A. Preparation. The relationship of coiir|ensation products ut sugars and 
amino acids to labile complexes of carlK>liydrates and amino acids and to 
the melanoidiu Traction lias stimulated the study of tlie simplest systems. 
The amino acids may condense with the aldehyde group of sugars in a 
manner similar to that of amines: 


HCO . It --CH — C'OOIt 

i * i 

1IUOH NH, 

The reaction may tukc place by direct combination in aqueous or alco- 
holic solution, but uruuII.v it is ditfieult to isolate the reaction products. 
Alanine (CH* — CLIiNH? — ('l)OJI) and the ethyl ester ot glycine (NH« — 
(lilt — f'OOOjHj) condense with glucose to give the conesponding N 
glurosidcs. m llecausc of the similar conditions of this reaction to those 
occurring during the dehydration of fowls, these synthesis hate particular 
interest. 

Cysteine reads particularly readily with reducing sugars probably lo- 
calise a secondary thiaaoline ring is formed. 111 '' 

w B. Ifel tench, W. Richter and 8. GrQnler, Ber. Verhandl. atr/ut. Akad. H'/m. 
M prig, Math.-phya. Klaaae, 80, 386 (1938). 

L. V Maillard, Ann. do mi., [Ill 6, 268 (19101 , lll| 7, 113 (1817). 

“• J. (\ Irvine and A. Ilynd, J. Chm. Sor., 99 , 161 (1911); II von Kulcr and K 
Zeile, Ann., W, 163 (1931). 

lM M. P. Schubert, J. Biol. Chun., ISO, 601 (1939); G. Agreu, Snsi/mologia, 9, 
321 (1941). 
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CH* — CH — COOII 
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HHOIIf— CH— COOII + glucose -* R 
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The main evidence for the thiazoliue structure is the negative test for 
— SII groups given with the sodium nitroprusnide reagent. 

More certain results are obtained by the interaction of the esters or 
amides of amino acids and tetraacetylglueosyl bromide. 10 ' The reaction of 
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sarcosine amide 1 (I) with tet raarct ylglurosyl bromide is illustrated. The 
tetraacetate (II) yields sarcosine amide N-glucoside upon deacetylation. 
The glyrylglyrine N-gluroside and other similar compounds have been made 
by this method. 2 " 1 

Some function of certain amino acids other than the amino group also 
may l>c utilized ior condensations with sugars. Thus, the phenolic group of 
tyrosine (p-IJO— O b II* — CII 2 — C , II(NH 2 ) — COOII) condenses with tetra- 
acetylglucosyl bromide to form on O-glucoside if the amino group is suitably 
blocked (as with a carbobenzoxy group)/ 202 

By using the carbobenzoxy method for peptide synthesis, aeyl sugar 
derivatives are obtained in which the acyl group is an amino acid radical.* 051 
Curbobenzoxyglyryl cliloridc rearts with the sodium salt of 4 , 5-lx*nzylidene- 
glucosc to form 1 -carbobenzoxyglycyl-4 , 0-benzylidene-D-glucofuranose, 
which on catalytic hydrogenation gives 1-glycylglucose. 

The 5 ,0-anhydrohcxoses react (p. 361 ) with amino acids with the forma- 
tion of sugars having amino acids substituted on carbon G. The (i-desoxy-6- 
(N-olanino)-glucosc (III) is prepared 801 from alanine (II) and 1,2-iso- 
propylidcne-5 , 6-anhydrogluco.se (I). 


100 K. Maurer and B. Scliiedt, Z. physiol. Chem 806, 125 (1932). 

101 II. v. Euler and K. Zeile, Ann., 487, 103 (1931). 

101 II F. Cluttnn, C. R. Harington and T. II. Mead, Riorhem. J., Si, 764 (1937). 
901 M. Bcrgmana, L. Zervas and J. Overhuff, Z. physiol. Chem., 884, 52 (1934). 

■w B. Ilelforich and R. Mittag, Ber., 71, 1585 (1938). 
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Another procedure for obtaining combinations of sugars and amino acids 
depends on the acylation of the amino group of ominosugors. The N-glycyl- 
D-glucosamine or N-ulanyl-D-glucosumine is obtained from the action of 
carbobenzoxyglycyl chloride or corbobenzoxy-d-alonyl chloride, respec- 
tivey, on tctraacrtyl-0-D-glucobamine.* M 
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An additional melhod utilizes the reduction ot the tetrna cetyl- ( N-a-azido- 
propionyl)-glucosuminc ami similar derivatives by hydrogen with platinum 
oxide as catalyst. 306 (Sec formulas on p. 424.) 

The action of some dipeptidase enzymes on such derivatives has been 
studied by Bergmann and associates 307 and nn interesting correlation with 

IM M Beigmann and L Zervan, Bu , 65, 1201 (1932) 

A Bert ho and J Main, Ann , 496, 113 (1932), 498 , 50 (1932) 

107 M Bergmann, L ZorVan, II Rinkc and II. Schleirb, Z phytwl Chem , 224 » 
33 (1934) 
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the enzymic, hydrolysis of dipeptides demonstrated. The dipeptides of 
naturally occurring a-amino acids (those belonging to the 1-series) and 
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the 2-(glycylamino)-mounonic acid have the same configuration for the* 
asymmetric carbon carrying the substituted amino group; both nit* hydro- 
lysed by the di]n*ptidiise. Similar derivatives ot 2-desoxy-2-nmii)ogluconic 
acid (glucosaminic acid) which correspond to dipeptidcs of the r/-aminn acid 
series are unalTected by the dipeptidase. 

Sugars may be brought into combination with proteins by coupling the 
proteins with diazonium salts of the glycosides. Goebel, Avery and Ileidcl- 
liorgcr lim'd this method in their excellent work on the production ot 
Hyntlietie antigens in which the protein is combined with groups of known 
structure. The diazonium salt is made by the usual procedure of treating 
an amine with nitroiiH acid; the amine group in these experiments is in the 
aglycon group of an aminophenyl glycoside, prepaivd in tum by reduction 
of the corresponding nitrophenyl glycoside.* 0 '' 

NH S N+Cl- N»- Protein 

r | i—| i” 

r,n,0 | n ! _HNO^ C ' 1U y ! l '* n ‘ () y H 

HCOH I HCOH I HGOH 

I I I I I 

(Synthetic 
antigen) 

Another process involves coupling the azide formed by the action oi 
nitrous acid on O-jS-glucosyl-N-carbolienzoxytyrosine hydrazide with pro- 

101 See - 0. T. Avery, W. F. Goebel and F. 11. Habers, J . Exptl. Med., 66, 700 (1932; . 
A somewhat similar method is described by 1). Woolf, Proc. Hoy. Sac. (London), 
B 180 , 00 (1941). 
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tcins and removing the carbobenzoxy group with the aid ni Medium in 
liquid ammonia.* 1 " 

B. Protein-Carbohydrate Compounds kb Synthetic Antigens. 10 * Certam 
•substances railed antigens induce the formation of antibodies in serum and 
other body fluids when they an* introduced parenterally into animal tissue. 
The serum which eontuinH the antibodies in known as an antiserum. It 
re arts specifically with certain antigens as is evidenced by the formation of 
a precipitate oi by other reactions. Synthetic antigens, containing carbo- 
liydrutes, have lieen prepared by Avery, Heidelberger, Goebel and asso- 
ciates. These eom|(ounds are made as described above. Synthetir antigens 
of this type were prepared from several proteins and from the glycosides 
of a numlier of mono and disaerharides. The antisera fanned by the intro- 
duction of these antigens into animals were tested for their reaction against 
the original antigens. It was demonstrated that the principal specificity is 
related to the carbohydrate rather than to the protein component. 110 For 
the tour antigens 

( Protein-I )-j3-glucoside (Protein-1 1 )-jtf-gUieoside 

(Protein-D-^-galnctoside (Protein-I 1 '-0-galaelnride 

those formed Jroni different proteins but having the* same carbohydrate 
portion form precipitates with the antisera produced by the use of either 
as the antigen. 1'liosi* with tlie same protein hut with different cnrlm- 
hydrate components are serologirally different, i.e., neitlier forms a pre- 
cipitate with the antiserum produced by the use* of the other as the antigen. 
This behavior is particularly striking since the two proteins alone ore 
serologically different and since the carbohydrates alone do not act os 
antigens Many synthetic antigens of this type have been prepared and 
exhibit nimilur sperifieity effects. 

Microorganisms frequently form polysaccharides in culture media which, 
although usually not antigenic, are able to precipitate immune sera pre- 
pared against the true antigen, the protein-polysaecharide of the micro- 
organism.* 11 The pneumococcus polysaccharides have rereiicd the most 
study and these are specific for the various types (strains) of pneumococci. 
These microorganisms have capsules which have lieen shown to consist of 
the type -specific polysaccharides. From the polysaerharide nf tlie typc-IlJ 
pneumococcus, a synthetic antigen was prepared by diazotization of the 
p-tuninohenzyl ether of the polysaccharide and then coupling with serum 

*•’ J. Mariwk, Kiptb. Enttimfvinrh , 7, 281 (1988) 

1,1 W ¥ Goeliel, 0 T. Avery ami F H. Babers, J Kjpll. Med , 00, SOI) (HUM) 

1,1 M Heidelberger and 0 T Avery, J KtpU.Med., 40 ,m (1924);W.T .1 Morgan, 
Htnehen. J , 80 , 900 (1936) 
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globulin . 10 This antigen evoked an antiserum exhibiting reactions similar 
to those of the antiserum produced by type III pneumococcus. The consti- 
tution of same of these polysaccharides is discussed later (Chapter XV). 
They usually contain uronic acids and/or amino sugars. It is then of con- 
siderable interest that synthetic antigens, prepared by the above procedure 
from the p-nitrobenzyl ghicuronides, gentiobiuronides and cellobiuronides 
confer immunity against pneumococci. All of these protein-azobensyl 
uronides evoke antiseru in rabbits which, when introduced into mice, 
protect them (passive immunity) against type II pneumococcal infection. 
Although the eellobiuronide antiserum from rabbits produces a temporary 
(passive) immunity to type Til and VTII pneumococcal infections in mice, 
the gentiobiuronide antiserum is ineffective. The corresponding antisera 
prepared from the glycosides of galaeturonie acid, ccllobiose and gentiobiose 
fail to protect mice against pneumococcal infection by these types. 11 * 

W W. P. Goebel and 0. T. Avery, J. Jixpll. Mrd., 64, 431 (1.131). 

n 'W. F. Goebel, Snnire, 91, 20 (19101; J. Exptl. Med., 78, 33 (1940) 



Chapter X 

OLIGOSACCHARIDES 


Frequently found free or combined in natural products is a group of 
carbohydrates (of lower molecular weight than the polysaccharides) which 
on complete acid hydrolysis yield only simple sugars or their derivatives 
such as the uronic acids and amino Rugars. These products, known 1 ob 
oligosaccharides (Greek oligos, a few), arc composed of monosaccharide 
residues conned cd through glycosidic linkages. On the basis of the number 
of monosaccharide residues per mole, the oligosaccharides are classified as 
disarcharidcs, trisaccharides, tetrasaccharidcs, pentasaccharides, etc. (p. 
17). No sharp distinction can be drawn Inst ween the oligosaccharides and the 
polysaccharides, for the structures ore similar and only the molecular 
weights are different. For the present, it is sufficient to limit the term oligo- 
saccharide to the lower members of each polymeric scries; in the present dis- 
cussion the term will be limited to substances with less than ten monosac- 
charide residues in the moleride since Ibis limit permits the inclusion of all 
the well-defined substances. Iu general, the polysaccharides have a much 
greater degree of polymerization, in some cases several thousand. 

The oligosaccharides also may lie considered as glycosides, for the linkages 
connecting the monosaccharide residues are oxygen bridges lietween the 
hemiaeclal hydroxyl of the anomerir carbon of one residue and an alcoholic 
hydroxyl of another residue. It is sometimes convenient to distinguish 
glycosides having an alcoholic or phenolic aglycon group from those having 
a sugar or oligosaerliuride radical ns the nonglycosidic portion of the 
molecule by designating them as “heterosides” and “holofrides,” re- 
spectively. 

Since the oligosaccharides may lx 1 considered as either glycosides or 
substituted sugars, several types of names are possible. Thus, lactose may 
lx> considered to lie either a p-galnrtoside or a 4-substituted glucose. It 
could lie named 4-glucose jS-galactoside or 4-(0-galurtosyl)-glucose. x 

According to the presence or absence of reducing groups in the molecule, 

1 1). llelfeiirh, 13. Holm and H Winkler, Ihi., OS, 081) (1030). 

* The terms “glycoside" anil “glycosyl" have been used as Bynonyins in much of 
the older literature. In the present work, glyrosyl will bo used and will refer to tho 
radical obtained by removal of tho anomerir hydroxyl from a reducing sugar. 

In tho present text, the numlier referring to the position of attachment of the 
glyeosyl radical to I he reducing residue is placed before (he residue to which it refers, 
r.g , 1 -glucose 0-galartosidr. This is rontrnry to usage such as gluraae 8-beiuoate, 
but it is usod here berausc of the confusion whieh would arise from I he presence of 
ether substituent groups. 
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Table 1 

Classification of Ohgottaccharuiea 

I Xonreduring oligosaccharides 

V Thofie yielding a Dingle monosaccharide type on hydrolysis 
Trehalose (a ilisae chari dc, see p. 452). 

ftcorodose 1 : A tetrafructoside from Allium bulbs (onion and garlic) 
Schttrdingcr dextrins (sec under titarch) 

14. Those yielding two or more monosaccharide types on hydrolysis 
Disaccharides: 

Sueiose (see p. 446). 

Trisaccharides: 

Mel exit use (sec p. 455). 

Haflinosc (w'e p, 156). 

(lentianoHP fsee p 455). 

IjahinNc 1 , from Eremoslachy » labtoaa. The structure is uncertain, hut the 
sugar is hydrolysed tn two nudes of fructose and one of gals close 
Tetrasaeeharides : 

Si achy oho (see p. 458) 

IVntHHaecliaiideH . 

Verhascosc (gaUrtosylM achy use i from Vnhuttum th<n a nnillcin 
(hoc under St achy use) 

II Koduoing oligosaeehHrides 

V DiHaool&Hridos 

I With 1,1' linkages: 

Maltose (see p. 443) 

Ccllohiofle (see p. 438 1 
Lactose (sen p. 440) 

4-n-Xylose i>-glucuroiiide B from mucilage nl Kudu uni wpomca Don 
D-Glucurnnir arid n-glucurunidc, 1 ’ the sugar comjioneiil of the glyensiilo 
glycyrrhizin, the hwccL principle of (ilyrynhizu ylnbnt (licorice) 
Tlie evidence for a 1,4' connection and Tor the identification ot 
the uranic acid is not complete 

Scillabiose 7 , 4-L-rhamnose n-glurosidc, obtained by liydrolyHis of scil 
laren-A, a glycoside of the squill «S 'cilia maritima L. 

2. Primary hydroxyl involved in disaccharide formation (J.li' or 1,5' link- 
ages) With the exception of mulibiose and inomaltoso, these bubstances 
are Irequenlly found as the sugar constituents of nalurul glycosides 
(irntiobioHc (see p. 439) 

Melibiose (see p. 445) 

Isomaltose (see p. 444). 

Vicianose,** 1 10 6 n-glucose or-L-arabinoside, the sugar component of 
the glycoside vicianin (related to amygdalin) found in the vetch 
Ttrifl anguxtifolia . This compound is described in the literature as 
both an a-L- and fi L-arabinosido. Using the accepted nomenclature 
of Hudson, it should l>e termed the a L-isomcr (see under Arabinose) . 
Primeverose, 19 ' 11 ' 11 6-D-glucose 0-D-xylosido, found in many glycosides, 
e.g., the alizarin primeveroside of madder (see Rulierythric acid). 
Rutinose 11 , 6-D-glucose 0-L-rhamnoside. the sugar component of sev- 
eral glycosides including rutin from rue (Ruta gravrokna), 
Robinobiose 11 , 6 -o -galactose fl-L-rliamnoeido, obtained by partial 
hydrolysis of the glyooside robinin from looust flowers (Robin* a 



Tablu l-~Uondud 0 d 

If. Reducing oligosaccharides — Continued 

3 With 1,3' linkages* 

Turanose (see p. 433; 

Laminarihiose, 14 probably 3-D.glueuse 5-glucoside Oblainrd by partial 
hydrolysis of the polysaccharide laminarin occurring in brown algae 
(Laminaria). 

“ Amyl nly one,” 11 3-i>-glucosc 0-gluruside-?, obtained by enzymic hydro- 
lysis of starch 

3-jl Arabinnse i>-galaulueido, 1B from arahic acid (gum Arabic). 

4 With 1,1' linkages: 

1- n-Krurtn&e /J-n-gluciwidc 17 (synthetic). 

5. With 1 ,2' linkages: 

ftophorusc, 18 2-n-gluoose 0-n-glucoaidc, from Hophoiaflavnuoloaide. A 
similar compound has been synthesized. 

2- L-Khamnose n-galaclurrmide,” a product of the pailial hydrolysis of 
flaxseed mucilage 

6. With 1 ,5' linkages . 

5-n-Arahinose o-gluooside 10 (synthetic, amorphous) 

1ft. Reducing IriHaccharideR 

Manninot rinse, 4 n-glurose 0 n-giilacLosvi-galarloside, front ash manna ol 
Fraxiniut ornu s (sec under Stachyose; 

Hhamninose 11 , n -gal active l rliainnoNyl-i.-rhumnoMile v prepaied Irom (he 
glycoside xfinlhorhitnuiin or the Persian berr\ (Rlinmnus infertona) by 
the action of enzymes found in (he sann> plant 
Rohinosc 11 ** l. rhamnoHc l ihumiuiH>l n-galftclntmlc deiivcd Irom the 
glycoside robiuin by en/ynuc hydrolysis 

These nderenech UHiiully are to only I he moHt leeenl aork on the subject. Earlier 
refeienrcH may In* luculed by cimHulting cither I lie lefcrcuccs cited or Beilstein 

* Y. Kihara, ./. Ayi Chnn Nor Japan, 16, 348 (1939), Chnn Abut., . 14 , .185 (1940) 
•H M Htrepkov, ./ Gen Chem (V S.N H ) 9 1 IS!) (1939), Chnn Abut., 3*, 2798 

(1040) 

I K Nisludu and If llnshinm, J Ayt Chem. Sot Japan. 19, 660 (1037); Chnn 
Ibsf., Si, 4112 (1938) 

■ W. Voss and J Pfiisehke, Re/., 70, 132 (1037) 

7 (5. Zcinplfri, Chrm. Absf , 93, 4202 (1030) 

■ (j Bertrand find O. Weisweiller, Compt. rtnti , ISO. 1X0 (1010) 

• H. tfelferirh and II. Bredereck. Ann., W , 1HG (1028) 

10 V. M. MeC’loskey and (i. II. Coleman, Am. Chnn. Bar , 05, 1778 (1043) 

II G. Zbrnplfu and R. BognAr, Brr , 7B, \7, 1160 (I93«> 

11 A. Gorin. M Maseru and Hi. Visehinniar, Hull art phannarol.. 19, 587 648 
(1912). 

11 G. Zemphbi and A. Uerecs, Bn., 71, 774, 2520 (1938); OS, 2054 (1036) 

14 V. C Barry, Sci. Proe . Hoy. Dublin Soc., BB, 423 (1041), 

“ Y Nakamura, J. Ayr. Chtm. Soc Japan, 17, 603 (BUI); Chnn. Abul , 50, 5049 
(1942). 

11 F. Smith, J. Chen i. Soc., 744 (1039). 

«1\ Brigl and O. Widmaier, Ber., 00, 1219 (1936); K. Paesu, K. J Wilson, Ji., 
and L. Graf, J. Am. Chvm. Soc., 01, 2675 (1939). 

« J. Rabat 6, Bull. soc. c him., [5] 7, 565 (1940); A. M. Gakhokidse, J. Gen. Chem. 
(UJS.S.R,), 11, 117 (1941); Chem . A6«f., 35, 5467 (1011). 

11 R. S. Tipson, C. C. Christman and P. A. Levene, J. Biol. Chem., IBS, 600 (1939). 
*• N. S. MacDonald and W. L. Evans, J. Am. Chem. Soc., 04, 2731 (1942). 

“ C. and G. Tanret, Bull. soc. chim., [3] 51, 1065 (1899). 

” C. Charaux, Bull. soc. chim. biol., 5, 915 (1926). 
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the unsubstituted oligosaccharides a yo conveniently classified as reducing 
and nonreducing. This property is important, for it provides a test for the 
existence of a monosaccharide residue with unsubslituted hemiacetal 
hydroxyls. When such unsubslituted groups are present, the sugar reduces 
alkaline copper-salt solutions, mutarotates, and forms glycosides and 
osasones similarly to the monosaccharides. In the absence of a reducing 
group, none of these reactions are exhibited, and only the reactions of 
hydroxyl groups are shown by the unhydrolyzcd sugar. 

1. Individual Oligosaccharides and Their Classification 

In Table I, which includes most naturally occurring oligosaccharides of 
known structure and a few synthetic sugars, the primary classification is 
made on the basis of the presence or absence of reducing groups. For the 
reducing disaccharides, a further subdivision based on the position of the 
glycosidic linkage is made. Mince the more import anl oligosaccharides an 1 
described in detail later in tliin chapter, their structure and origin are not 
given in Table I. Literature references and some structural data arc given 
for the compounds which in subsequent discussion are nol considered in 
detail. Aldobiuronic acids urc discussed on p 300. 

2. Synthesis of Oligosaccharides 

A numlx'r of methods am available for the synthesis of oligosaccharides 
and in particular of the disaccharidcs. Many of the methods useful for the 
interconversion of the simple monosaccharides may also lx* applied to the 
disaccharides. Other methods involve the condensation ot two moles of 
monosaccliaridoH or derivatives. To contribute to the knowledge of the 
structure of a particular disaccharide, the synthetic method must be such 
that the condensation reaction takes place 1 between known positions as 
otherwise several structural isomers are possible. The restriction of the 
reaction to predetermined positions is accomplished by blocking all the 
hydroxyl groups by easily removable groups such as acetyls exeept those 1 
between which the condensation is to occur. Additional complications are 
introduced when asymmetric carbons are involved since it must l>e known 
whether Walden inversions take place. Probably tile most useful reaction 
is the lvoenigs-Knorr synthesis which depends on the reaction of the 
acetylglycosyl halides with the unsubstituted hydroxyls of a second mono- 
saccharide molecule. 

A. From Naturally Occurring Oligosaccharides. These methods are 
usually applicable only to the reducing oligosaccharides, i.r., those having 
an unsubstituted hemiacetal grouping, since most isomerisations involve the 
reducing group. 

Alkaline Rearrangement. The reducing disaccharides isomerize in the 
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presence of alkali to give a mixture of three sugars which consist of the 
two 2-epimerie aldoBes and the corresponding ketose. This action of dilute 
alkali is the some as that on the monosaccharides (Chapter II). The 
method is particularly important for obtaining ketose disaccharides but 
ha^lieen applied in only a few cases. lactose yields 24 lactulose (4-fructoso 
0-gftlactoside) which is exceptionally interest ing liec&use the crystalline 
sugar is apparently u furanose form. The pyridine rearrangement cither 
of the oligosaccharides or of their carl>oxylic acids has never been utilized 
for this purpose. 

Glyral Synthesis. This method depends upon the preparation of a glycal 
(which has a double bond between carbons 1 and 2 of the reducing residue 
of the molecule) and the oxidation oi the glycal with perlienzoic acid to 
give two 2-cpimerie aldoses as deserilicd previous^ 7 for the monosaccharides 
(Chapter II). The cpimors of lactose 1 , maltose and cellobiose have l>ceii 
obtained by this method. 21 

Degradation Reactions. Ily use of the several methods described for 
shortening the carbon chain or the monosaccharides (Chapter III), the 
reducing carbon of the disaccharides also may be removed. Calcium 
lartohionatc is oxidized by hydrogen peroxide with ferric salts as catalyst, 
to 3-D-arahinose tf-D-gnluctoside, 26 and acetylated gcntiobionic acid nitrile 
gives 20 5-D-ambinose D-glucoside by the action of sodium methylate (Wolil- 
ZomplCn method) This sugar is of particular interest ns it cannot form a 
pyranose ring. 

Waldi n Inversions Several reactions, not of general application, are ot 
importance for obtaining special disaccharides. Cellobiose octaacetatc.when 
subjected to the procedure which usually produces Ihe acetylglycosyl 
fluorides, gives the expected product and the corresponding derivative of 
the 2-epimerie disaccharide 4-mannose fl-glucosido. 26 In this instance, t.lie 
action of anhydrous hydrogen fluoride inverts the configuration of the 
second carbon and also replaces the acetoxy of carbon 1 by a fluorine atom. 
In a somewhat similar manner, lactose and cellobiose octaacetate under 
chlorinating conditions (aluminum chloride and phosphorus pentuchloridc 
in chloroform solution) yield, in addition to the expected heptaacetyl- 
glycosyl chloride, isomeric compounds produced by Walden inversions at 
carbons 2 and 3 of the reducing part of the molecules. The new disac- 
charides are neolactose (4-D-altrose 0-D-gulactosidc) from lactose and 
celtrohiose (4-D-altrose jS-D-glucoside) from cellobiose. 27 These disaccharides 

11 E. Montgumory ami (\ S. Hudson, J. Am. Ch(m. Sor., 58, 2101 (1030). 

11 M. Bergman n and II Schoite, her., 54 , 1561 (1021); W N. Haworth, E. L. Hirsl , 
U al , J. Chem Soc , 2636, 2641 (1930) 

« G. Zcmpldn, Her , 60, 1300 (1927) ; 0. Ruff and G Ollendorff, ibid , 38, 179 H (1900). 

u D. J1 Brauns, Am. Chem S or , 48, 2776 (1026) 

17 A. Kuna and C H Hudson, J. Am Chun. Soc 48, 1978, 2135 (1026); N. K 
Richlmyer and V. 8 Hudson, ibid , 51, 1716 (1935); 68, 2534 (1936). 
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are of particular importance in providing now sources for n-altrose, a sugar 
difficult to obtain by older methods. 
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IHaacchartde MeUty loses (6 ,6' -Did esoscs). The tosyl groups oi 6,6'- 
ditosylcellobiohc are replaceable villi iodine by the action of sodium 
iodide in acetone solution. The resulting G.G'-diiodorellobiose may be 
reduced by catalytic hydrogenation to 6 , G'-diflcHoxyLH'UobioKe.^ A similar 
compound with one O-doHoxy and one primary hydroxyl group is obtained 
by the addition of telraacetylghicosy] bromide to the unhydro ring of 
5 , G-anhjxlroglucosc (see below). 

B. Condensation of Two Monosaccharide Molecules. Km nigs-Knori 
Reaction. This reaction, descrilied elsewhere in detail for the prepara I ion ol 
the glycosides, is probably the most widely applicable and important of 
the methods. An acetylglyeosyl halide, usually the bromide, reacts w ith the 
unsubstituted hydroxyl of a second monosaccharide molecule in the pres- 
ence of silver carbonate or silver oxide with the formation of au oxygen 
glycosidic linkage between the two molecules. In most instances the glyco* 
sidic carbon has the /3-configuration ns is demonstrated by the formation oi 
/9-glycosides when an alcohol rather than a second monosaccharide molecule 
is employed in the reaction. The process involves a Walden inversion and 
usually proceeds smoothly in high yields when the halogen and the acetyl 
group on earbonN 1 and 2 respectively have a cin relation. If they are 
irons, however, orthoesters may be formed (p. Hi3). IMsaeeharides with 
glucose, galactose, arabinose and xylose constituting the glycosidic portion 
of the molecule are easily obtained in this manner. When it is desired to 
synthesize an a-glucosidic linkage, the use of mercuric acetate or pyridine 
as the catalyst rather than silver salts often gives the desired results. 
Melibiose (6-glucose a-galactoside) is synthesis'd by the action of tetru- 
acetylgalac tosyl bromide on 1 ,2,3,4-tetraacetylghicosc in the presence of 
quinoline. Condensation of triacetylxylosyl bromide and a glucose deriva- 
tive having an unsubstituted hydroxyl group at carbon 6 may take place 

■ J. Compton, J .4m. Chem. Soe., 60 , 1203 (1038). 
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in (he presence of mercuric acetate exclusively with inversion of configura- 
tion sad the formation of a prime verose (6-glucoac jS-n-xyloside) deriva- 
tive. 11 If the amount of catalyst employed is small, an additional reaction 
without inversion takes place with the simultaneous formation of iso- 
primeverose (6-glucose a-D-xyloside) which has an a-glycosidic linkage. 
Disaccharides with linkages through primary alcoholic groups (gentiobioee 
type) are easily obtained by these methods since the necessary monosac- 
charide derivatives with free primary hydroxyl groups and with the other 
groups blocked are readily obtained from the corresponding trityl deriv- 
atives. 



TctraacelylRlucimyl 1,2,3,4-Telroacety] Oc taacetyl genii obi osr 

bromide glucose 

The method may bo applied to the preparation of trisaccharides by 
utilizing a 1-halogeno acetylated (lisaccharide in place of tetraacetyl- 
glur.osyl bromide. The 6-glucose and 6-mannose j3-cellobiusides and the 
(i-glucose 0-maltoside are prepared in this manner.' 0 Dihydroxyaoctone can 
lie condensed with aoetylglycosyl halides to form simple types of disac- 
chalidcs. ,, The dihydroxyanetone D-riboside is particularly interesting in 
that the acetylated compound has an orthoester structure. 

It is more difficult to obtain sugar derivatives with single free hydroxyls 
other than glycosidic or primary. However, valuable derivatives of this 
type ore the isopropylidene sugars and the isopropylidene-anhydrosugars. 
By condensation of 2 ,3-isopropylidenc-l ,6-anhydronwunopyranose witli 
tetraacetylgaluctosyl bromide, subsequent hydrolysib of the isopropylidene 
and acetyl groups, and cleavage of the anhydro ring with acids, 4-mannose 
/9-D-galactoside (epilactose) is obtained. The cpilactose is then carried 
through the glycol synthesis to produce lactose. 4-Mannose /3-n-glucoside 
(epicellobiosc) and cellobiose arc prepared by the same procedure from 
tetraacctylglueosyl bromide and the 2,3-isopropylidene-l,6-anhydroman- 
nopyronose. Mura details of these metliods are given under CellohioBe, 
(icntiobiose, Melibiose and lactose later in this chapter. When 1 ,2-iso- 
propylidcnc-5 , 0-anhydro-glucofuranose (I) reacts with tctruacetylghieoeyl 
bromide condensation lakes place with the simultaneous opening of the 

« G. ZemplCn and R. Bogndr, Ber., 71, 1160 (1030). 

"B. Helfprioh and W. ScUfer, Ann., 460, 220 (1026); 3. H. Nichols, Jr., W. L. 
Evans and If. D. McDowell, J. Am. Chrm. Soe., 66, 1754 (1040). 

" C. W Klingonsmitb and W L. Evans, J. Am, Chrm. Soe., 61 , 9012 (1090). 
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anhydro ring, addition of the glucosyl group to thp oxygen attached to 
carbon 5 and addition of bromine to carbon 0. Catalytic reduction replaces 
the bromine by a hydrogen atom, and there is obtained an unusual disac- 
charide methylo8e derivative, 5- ( G-desoxyglueose ) 0-D-glucoside (II).** 
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Thirmal Condiwmtions. Tw o moles oi sugar rondense when heated in 
raruo. Maltose is said to lie produced in this manner from 0-glucose and 
a-ghicose mid from 0-glueose and 0-glucosan. The use of zinc chloride 
improves the yields The maltose is separated as the acetate in yields of 
5 to 10 per cent.*' Lactose may have lieen obtained in this manner from 
0-glueose and either 0-galartose or 0-gidartusun. 11 Thp method, however, 
does not provide any information as to the structures of the sugars, and 
it would lie \ery desirable that this work be repeated. 

Direct Catalyzed Couth nsatwn of Monosaccharide* in Solution. In the 
presence of acids and water, the disaccliarides are in equilibrium with the 
products ot hydrolysis although the rail* oi attainment of equilibrium is 
wry slow at room temperature. An excess of water favors the existence of 
the monosuccharides in the equilibrium mixtuie, whereas a high concen- 
tration ol the sugar is favorable to the existence of disnccharides and 
oligosaccharides. A 25 {ter cent solution of glucose in concentrated hydro- 
chloric arid gi\es, after 15 hours at room temperature, a mixture from 
which a disaccharide ohuzouc (isomaltose) may lie isolated.® As might be 

u f 

ar.iiuOb <_:r* (’„n„o„ + ilo 

" K. Freudenherg, 11 Kirli, ('. Knocvcnagcl and W. Wpstphal, Uei 75 , 441 0910). 
'■4 Pictet anil H Vogel, Hilv Chim Ada, ID, 5S« (KI27) 

1 \ Pii tel and II Vogel llth Clitm Ada, II 2M ( 102S) 

J * Sec: K Fischer, Hu , J.1, 3flh7 (1WHII 
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exjicoted from the 1 many positions available for formation of a disarcharidc 
linkage and because cadi ixisition allows for at leant one puir of a-fl-isomers, 
the produetn formed arc probably complex mixtures. However, the avail- 
able evidence indicates a preference for condensation between the bemi- 
aertal (anomeric) hydroxyl and the primary hydroxyl groups. This type 
of reaction is very important in industrial processes involving the hydrolysis 
of polysaccharides such as in the preparation of n-glucose from starch. 
The specificity of the reaction may lie greatly increased by the use of 
enzymes rather than aridR us tlie catalysts. According to the enzyme em- 
ployed, a- or /9-glyrosidic linkages may lie synthesized at will, and even 
the position of condensation in the nonglycos.vl sugar may lie varied 
somewhat. Maltose and other o-gluco, sides are formed by the action of 
yeast a-glucosidase on concentrated glucose solutions. 1 * Similarly, geuti- 
ubiose and ccllobiosc are formed from glucose solutions through the catalytic 
action of 0-glucosidascs, and the relative proportions of the two isomers is 
affected by the concentration. 37 Gent iobi use is also formed by the action 
of dried yeasts on glucose solutions.' 1 ' 

In many cases the synthesis of oligo, saccharides under natural ronditions 
probably takes pluee as a result of phosphorylase action. Kuril an action 
has lieen demons! re ted by the in vitro synthesis of sucrose from glueose 
1-phospliate and fructose in the presence of enzymes from bacteria such ns 
Pseudomonas mrrharophila (see under Sucrose). 

Elimination oj Water from Two Monosaccharide Units t»j Use of De- 
hydrating Agents. Acetylated sugars with fret* hydroxyl groups may be 
rondensed with the elimination of a mole of water. Two moles of 2,3,4,15- 
tetroacetylglueose combine"' under the influence of phosphorus pentoxide 
in an inert solvent such us lienzcnc with the formation of the octaaretate 
of l-0-glucose d-glucoside: 0,jS-trehaloso (see under Sucrose). 

3. Determination of Structure 

The methylation method has lieen the principal means for the determi- 
nation of the structure of oligosaccliarides. For the di saccharides the 
method is upplied by methylating the sugars or lietter the aldobionic acids 
and then hydrolyzing them to the constituent monosaccharides. The posi- 
tion of the disaccharide linkage is show n by t he posit ion of the free hydroxy] 
groups in the resulting monosaccharides. The use of the aldobionic acids is 

"A. C. Hill, J. Chrm Bor., 88, 6S9 (1003). 

H E. Bourquidot , H. HMssey and J. Cuirre, Coni (it rend , 157, 732 (1913); I 
VintilcBPU, C. N. IoneRi-u and A. Kizyk, Hull. hoc. chrm. Hmimania, 17, 2S3 (1936) 

J * H. 1’ringHheim, ,1 Bondi and J. Leibovitz, Her., 59, 1183 (1926). 

J * K. Finrhur and K Dclbrttck, Brt , it, 2776 (1009) ; F. Klages and R Niemann, 
^nn., 519, 1KB (1937) 
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desirable because the sugars are methylated in their ring farms; when the 
methylated acid is hydrolysed, a free hydroxyl group appears only in the 
position to which the disaccharide bridge was connected. Methyl hopta- 
methylmaltosidc is hydrolyzed to 2,3,4, 6-t ctramet hylglu rose and 2,3,6* 
trimethylgluense whereas methylated maltobionir arid gives 2, 3,4,6- 
tetramethylglucose and 2,3,5, (i-1 ctramct hylgluconic acid (see under 
Maltose). The position of the free hydroxyl of Ihr tctramcthylghiconic 
acid shows that the disaucliaride must l>e connected at the 4-position of 
this residue. 

The methylation method works well for disaccharideB when the necessary 
reference compounds (methylated monosarrharides) am known. Additional 
methods are necessary fur the application to oligosaccharides higher than 
disaectiaridcR (see under HaflinoM'). The action of enzymes may be valuable 
for this purpose and for providing information concerning the configuration 
of the disaccharide (glycosidic) linkage. 

Periodic acid oxidation has had only limited application in structural 
studies of oligosaccharides When the met laid was applied to sucrose, the 
results corroborated those by the inetbylation ntel hod (six 1 under SucroBc) 
According to Ahllsag, 4 * it is possible to distinguish between 1.4' and 1,6' 
linkages in disneeharides by oxidation with periodic acid and with lend 
tetraacetate. When oxidized by iieriodic acid in acid solution, disaeeharides 
with 1 ,4' linkage* and with two primary alcoholic groups yield two moles 
of formaldehyde (isolated by precipitation with Dimedon, 1,1-dimethyl- 
cyclohexanedione-3,5), whereas those having 1 ,6' linkages and only one 
primary alroholie group yield no formaldehyde. I'rcc iodine is liberated 
xtoiehiometrically from oligoHaceliaridcs having 1 ,4' glycosidic bonds and 
provides a measure of the number of such bonds present. The iodine may 
arise from the reaction of periodic acid with red net one which is formed 
from the reducing portion of the disaccharide 
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"K. Ahlborg, Svens, k Km. Tid., Si, 205 (1012); Chem. Abet., 38, 4264 (1944) 
R. Jeanloi, Belt. Ckm. Acta, 17 , 1501 (1944). 
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It iB probable that the glycosidic union is not cleaved during the action 
of periodic acid on 1 ,6' disaccharides and that the oxidation proceeds as 
follows: 


OHO 

(icntiobioflp HI - > Hjf’O - -(311 | 
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Etn t oj Acid Ugdrolytie of Some Oligosaccharides 


OiiBMacchnridr 

K/V X in f 1 

(see.-*) 1 

1 Activation energy 

1 (cal /g. mole) 

1 a-Glurosc a-gluroflidr {Trehalose) 

o m\ 

10,180 

(MiluriHr' 0 gJurosidr (Gonliobirae) 

1 24 

33,390 

4-Glur a utip /9-glueoflide (Ollobioso) 

.1 HO 1 

30,710 

3-Frortosc* « gluroside fTiiranone) 

11 0 I 

I 32,450 

l-Olupose o glurnsidp (MaltoBe) 

16. s 

.‘10,970 

4-GIuposp 0-ftalactosidp (Lactose) 

16.6 

26,900 

ti-Glucosp a^galactosido (Melibiose) 

15 5 

38,690 

l-a-Glucose /J-fruclofuianoflidc (Sucrose) 

14 ,600 

25,830 

Raflinosr 

11 ,200* 

25,340 

Mclnzitosr i 

, 48,300" 

25,600 


* Thosr figures presumably represent the hydrolysis of the snrroee linkage in 
these trisaeehsriiles 


4. Ease of Acid Hydrolysis 

As shown in the above table, 41 there is considerable difference in the 
ease of hydrolysis of oligosaccharides; sucrose, with its fructufuranose 
ring, is particularly labile. The ease of hydrolysis of the sucrose linkage in 
comparison with that of the glycopyranosides makes it possible to hy- 
drolyze preferentially the sucrose linkage in trisacoharides with tire forma- 
tion of a resistant disaccharide. Thus, turanose, a disaccharide, is prepared 
by the partial hydrolysis of the parent trisaccharide melesitose. 

“ E. A Mnelwyn Hughes, Trane. Faraday Soe., Jfff, 503 (1990). 
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5. Preparation, Properties and Structures of Some Natural 
Oligosaccharides 41 

A. Disaccharides 

CellobioBe 



H OH H OH 


/Synonym*. 4-D-(JlucoHe fl-D-glucopyranosido, 4 - (0-n-glucopyrannsyl )-n- 

glllCOSC. 

Properties. 0-lsomer; m.p., 22fl & (\; |or]J° = + 14.2 — ► + 34.(1 (H 2 0;r\N). 
Identification. Phenylosnzone, octaucctato. 

Occurrence. The sugar is not known to exist in the free stute in products 
of biological origin but is the basic repeating unit of cellulose and lirhenin. 
Preparation.** 4JI Cellulose in the form of cotton or filter paper is simul- 
taneously acetylated and acctolyzcd by the action of acetic anhydride and 
sulfuric acid at, low tcmjx'raturcs. (Vllubiosc oetaacetate crystallizes from 
the reaction mixture mid after separation is recry stullized from alcohol. 
The acetyl groups are removed by any of several methods, preferably with 
barium methylate in methyl alcoholic solution. 

Structure. See discussion under Maltose. 

Synthesis. By the reaction of 1 ,li-unhydroglueose (levoglucosan) with 
tetraacetylglucosyl bromide and the subsequent hydrolysis of the anhydro 
ring with sulfuric acid, Freudenlierg and Nagai 14 were able to synthesize 
ecllohiose in small yield. The method provides evidence for the l>cta eon- 
figuration of the glueosidic linkage, for 0-glucosides arc formed when 
aleohols react with IctraaectylglucoHvl bromide under the same conditions 
(Kwnigs- Knurr synthesis). The exact position of the glueosidic linkage is 
not defined, however, as several imsubstiluted hydroxyl groups art 1 present, 
in the 1 , (i-anhydroglucosc. A structurally definitive synthesis by the reac- 
tion of 2,3-isopiopylidene-l Ji-anhydromannupyranose (which contains 
only one free hydroxyl, at carbon 4) and tetraacetylglucosyl bromide has 

“ For more detailed information concerning the occurrence and preparation of 
many of the individual oligosarrhurideK, the following references are particularly 
recommended : 

F. J. Hates and Associates, “Polariinetrv, Sareharimetrv and the Hugara 11 Circular 
C440 of the National Bureau of Ktandardn; V. S. (iovernment Printing Office, Wash- 
ington, D. (\ (1912). 

■' Heilhteinallandbueh der organiHcheji Chemie,” Vol. 31; J. Springer. Berlin (1938) 
4a A. P. N. Franrhimont Bpr ., 18, 1041 (1879); it. Braun, Organic Syntheses, 17, 
34, 36 (1937). 

44 K. Froudenherg and W Nugai, Ittr., tiff, 27 (1933; 
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been described. 41 After rupture of the anhydro ring, a derivative of the 
2-epimer of ecllobioso is obtained (epioeliobiose) which is carried to 
cellobiose through the intermediary cellobi&l (epicellobial). The method is 
similar to that used for the synthesis of lactose. (See under Lactose.) 
Metabolism. Absorption of the disaccharide in the gut of the rat takes place 
at about 0.8 per cent of the rate of absorption of glucose. 41 Normal rats 
form glycogen in the liver and muscle in equivalent amounts from cellobiose 
and glucose. These* two sugars possess the same ability to lower on exog- 
enous ketanuria. 


Gentiobiose 



H OH H OH 


Synonyms. (Mihieose d-D-glucopyronosidc, (i- (/9-D-glucopyranosyl )- u-glu- 
cose, amygdolo.se. 

Properties, a -isomer; crystallizes associated with two moles of methyl 
alcohol; m.p., 85— , [of|” = + 21.4 -» -1- 8.7 (11*0; c,5). /9-Isomer 
(solvent free); m.p., 190-195°C\ Not fermented by top yeasts. 
Identification. Phenylosazone, octaacetate. 

Occumnet. The disaerhuride is the sugar constituent of a number of 
glycosides of which the most important an* amygdalin and crorin. The 
two glucose units of the trisacclioride gentianose, which is found free in 
the roots of pL-ints of the Gentian species, are connected together in the 
same maimer as gentiobiose. (Jentiobiosc is found in materials obtained by 
the action of acids and certain enzymes on D-glucose and on polymers such 
as starch and cellulose. In such materials it is probably a reversion product 
(set* under I somall osc). 

Preparation . 4! 47 The sugar is obtained by partial acid or enzymic hydrolysis 
of gentianose and removal of Ihe fructose by yeast fermentation. It is 
usually separated as the octaacetate. The hydrogenation of heptaacetyl- 
amygdalin 11 and the isolation of Ihe octaacetate of gentiobiose from the 
acetylated mother liquors (“liydrol”) of the preparation of D-glucose from 
starch Irnve been suggested for the preparation of the disacchuride. The 
best method, however, is probably the synthetic method of Ilclferirh as 

41 W.T. Haskins, R.M. I hum and (\ S. Hudson, J. Arn Chm.Soc.,01, 128!) (1042). 

44 C. K. Vnniman and II. J Deuel, Jr.. J. Biot. Chcm., IBS, 865 (1041). 

4r (’, K. Hudson aud J. Johnson, J, .tm. Chem. Bor., B9, 1272 (1917); K. Bourquolot 
and II. lI^riRsey, Cam pi. rind., 1SB 200 (1902). 

44 M. llorgmann and W. I'Veudeuhcrg, Btr., OS, 27X3 (1020). 
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modified by Reynolds and Evans and described below. Ensymic synthesis 
by the action of almond emu) sin on glucoBe is also recommended. 1 ' 
Synthesis.** By the condensation of 1 ,2,3,4-tetraacetyl-/9-D-glucose with 
tetrancetylglucoByl bromide, a linkage is established Itetween carbon 6 of 
the one molecule and carlton 1 of the second molecule, and nctaaoetyl- 
gentiobiose is formed. 

Structure.*' Methylation ol gentiobiose followed by acid hydrolysis gives 
the well-known 2 , 3 , t , G-t etramethylgl ucosc and a trimethylglucose yicld- 
ing a crystalline methyl trimethylglucoside. The latter substance is identi- 
cal with that formed by the methylation and detritylation oi methyl 
C-tri t yl-glucopyranoside and must be methyl 2,3,4-trimethylglucoside. 
This evidence makes it certniu tliat the disacch&ridc linkage of gentiobiose 
connects carbon 1 of one glucose unit and carbon G of the serond glucose 
unit. It is confirmed by the ubove synthesis under conditions such that the 
linkage cun be formed only between these two carlontR. 

The jU-configui'atiou for the glucosidic linkage is shown by the hydrolysis 
of gentiobiose by the /3-glucosidasc of almond emulsin and by its synthesis 
under conditions favorable to the formation of 0-glueosides (Kneuigs- 
Knorr synthesis). 


Lactose 6 * 



H OH H OH 


Synonyms l-n-tilucose ft-D-galuctopyrauosidc, -J-ijtf-u-galactopyrano&yl)- 
n-glucose, milk sugar. 

Properties! Mouohydrnte of a-isoiuei ■ in.p., 202 n C!; [nj* — + 85.0— » 
+■ 52.0 01*0; c.8). Anhydrous 0-isomer; m p , 252“(\; Ic»l“ = + 34.9 — * 
+ 55.1 (HjO; c.lt Not Imncnlnblc by ordinary yeasts; lcrmcntcd bv 
lactose yeasts. 

ItlenHfirnlion Phciiylosazone ; uxidution and hydrolysis with nitric acid 
lo mucic acid; lMmsylphcnylliydrasonc 

Ucnnnnrf . Pound in the milk of all mammals to the extent ot approximately 
5 per cent. Aiithcutiru! ed examples or the existence of lactose* in tin* plant 
kingdom are lacking. 

41 11. Hulfciich ami J. V Ijppu*, 0> tjanu 22, 5,1 1 11)12). 

fc# D. U. Reynolds and W. L. Evans, J Ant t\ hem . Hoi , 00, 2569 fllMHl; B Hi*|- 
fprirh and W. Kirin, Ann , 4-50, 219 (1 926) 

11 W Charlton, W X. Haworth und W J. )Iii‘kmhr>tiom, J Chrm *S'or., 1527 
(1927); W. X. Haworth and H YVvIam, ibid., 1*3, 3120 (1923) 

»£. 0 Whittier. Okem Revs., 2, 85 (1925-26). 
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Preparation}* Whey, obtained as a byproduct in the manufacture of 
cheese, upon evaporation deposits ciystallino lactose, which is easily 
recrystallized from water. 

The monohydrate of the alpha isomer crystallizes from solutions at 
temperatures below 03-05°C. and the more soluble beta isomer from 
aqueouB solutions above this temperature.' 4 

Structure. The disaocharide, after acid or enzymic hydrolysis (d-gaiactosi- 
dase), gives one molecule each of galactose and glucose. If the sugar is first 
oxidized with bromine to lactobionic acid and then hydrolyzed, gluconic 
acid and galactose are the products obtained." This evidence establishes 
lactose as being a glucose galactoside. 

After inethylation and hydrolysis, the ciisaccliaride yields a trimethyl- 
glucose and a tetramethylgalactoso. As the tetromcthylgalactose is the 
same as that obtained by a similar procedure from methyl galactopyrano- 
side, it muBt be 2,3,4, G-tetramethylgaluctoae . The trimcthylglucose is 
identical with that from maltose and is 2,3,0-lrimethylglucose. Since the 
open-chain lactobionic acid after methylation and hydrolysis gives tetra- 
methylgluconic “ 7 ” lactone, the disaccharide linkage must be connected to 
carbon 4 of the glucose molecule" (see under Maltose). The principal 
evidence for the configuration of the glycosidic linkage rests on the known 
specificity of the galactosidaHes of almond emulRin. The sugar is hydrolyzed 
by both crude and purified almond eniulsin and the. relative rate of 
hydrolysis by the two emulsins is proportional to the 0 -galartosidnsc and 
not to the a-galactosidase content. As the cuzymc studies indicate the 
existence of a j 8 -galaetosidic linkage, lact osp may be described as 4-D-glucose 
jS-n-galactopyranoside. Additional support is given by the synthesis of 
lactose by a method ordinarily giving /3-galactosides. 

Synthesis. The synthesis of lactose by the condensation of glucose and 
galactose at high temperatures in the presence of acetic anhydride or zinc 
chloride has been reported .' 7 Fischer and Armstrong" obtained a glucose 
galactoside by the reaction of tetrancctylgalactosyl chloride, sodium 
ethylate and an aqueous solution of glucose. They' obtained an osazone 
which they considered to lie niclibio.se osazone. The properties of the 
osazone have since made it proluihle that the product is lactose," A synthe- 

11 Hoe. F. P. Xuht'iihmir'r, Inrt. Eng Vhvm. % 2?. 54 '1S)3i)j 

M 0. S. Hudson, J . Am. Vhm Roc., 60, 1707 (l!K)8j; J. (lillw, Hue. turn, c him., 39, 
88, 677 (1620); H. W. BpII, Ind. Eng . Chm., 22, 51 (1030); W. K ft ringer, Food Ind., 
It, 72,262 (1030);?. F. Sharp and 1). K. Hand, U. 8. Patonl, 2,182,618,1)00.6, 1040. 

“ E. Fischer and J. Meyer, Her., 22, 361 (1880). 

»W. N. Haworth and C. W. Lon*, J. Chcm. Soc., 544 (1927) 

w E. Demote, Ber., 12, 1035 (1879); Bcrthelot, Bull, soc . cfctm., 121, H, 82 (1880); 
A. Pictet and H. Vogel, Helv. Chim Ada, 11, 209 (1928). 

M E. Fischer and E. F. Armstrong, Ber., 26, 3114 (1902). 

Iv H. 11. Schlubach and W. Raucheii Larger, Ber. 69, 2102 (1926). 
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sis of more importance in providing information on the structure of lactose 
involves as the first step the reaction of tetraacetylgalaetosyl bromide and 
2 , 3-isopropylidene -1 ,6-auhydromannopyranosc in on organic solvent and 
in the presence of silver carbonate (Koenigs-Knorr reaction). 00 Since the 
only unsuhstituted hydroxyl is at carbon 1 of the anhydromannose, the 
condensnlion must take place at this point. After removal of the iso- 
propylidene (acetone) group, the product is acetylaled, and the anhydro 
ring is opened by the action of sulfuric acid in ^Larisil acetic acid and acetic 
anhydride. The resulting substance is a disaccharide octancetate epimeric 
with lactose and, hence, called epiludosc. This substance is then converted 
to lactose through the glyeal synthesis by oxidation of luctal with per- 
honzoie acid. In all probability, the initial condensation produces a p- 
galactosirlic linkage since tetraai^tvlgalactnsyl bromide condenses with 
alcohols with the formation of jCj-galaetosides. 


‘ijH-lbupropyhilrw-l ,ti-iiiihydri>inannopyraiioHc + IrtraariMylgulurloByl bioimdr 
* 4-(2,3 imipiopyluli'ne-l ,0-iiiihydroninnuopyruiiohiO 1rlraur' , t\l-0 

D-giilarlosidi* HOAp _^ 4 _jj ^-auhydriinuiiiiopyranoB 0 tel raurdyl-jS d gulartoside 
— (Ac) O 4 iduirnljl 1,0 anhydiomHiiunpyniiuiHd tclrd'iceiyl 0 d gidai'liihidc 
-ROXr^Lw-* l-ltetraapetylmamuiM 1 ) tetnuirel^l 0-D-galarl nuidr 
4-ftriacctylmuimosyl bromide) tdraarclyl 0 -d galnctosidc uoAe“~* h^uaoetyl 


lartal 


peibeoroir und 


hevaarrtvllartmir 


Oil 


liirlnac 


Enzymic syntheses of Inclose from glucose have also lteen carried out." 
Mammary tissue and other tissues not only catalyze the condensation of 
two molecules ol hexose hut also the transformation of glucuHc to galactose. 
It is possible that the biological formation of galactose from glucose may 
not bo direct but may prureed from some such intermediate as lactic acid." 

The tolerance of normal humans fur the oral administration of lactose 
is considerable, frinary excretion takes place mainly after hydrolysis to 
glucose and galactose. When the sugar is injected intravenously into rab- 
bits, it is excreted unchanged." 

It is reported that rats are unable to survive on a diet in which lactose 
iH the sole souice of carbohydrate. On such a diet, the rats develop diarrhea 
and alopecia and finally die." 1 

•• W. T. Ilaskins, It. M. Ilann und 0. S. Hudson, J. Am. Chrm. Hoc , 04, 1852 
(1942). 

“ G. A. Grant , liiorhem.J SO, 2027 (1036) ; W. E. Petersen and J. C. Hhaw^Sfctcnce, 
80, 31)8 (1937); D. Mirhlin and M. Lewilow, Uiochem. X., S71, 4 IS 0934). 

u J C. Shaw, W. 1j. Boyd and W. E. Petersen, Fror. Nor. Exptl. Biol. Med., 88, 
579 (1938). 

“ L. B. Winter, J Phyniol., 71, 311 (1931) 

M 'B. II. ErslioJT and II J Deuel, Jr., J Nutrition, 88, 225 (1944). 
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The conditions for the maximum conversion of lartoar to hexose sugars 
have licen studied by Ramadell and Webb. ,4b Using 0.007 M IIC1 as the 
hydrolyzing agent and a temperature of 147°, 30 per cent solutions of 
lactose arc converted to liexosc sugars to the extent of 03 per cent of +he 
theory in less than 65 minutes. A mixture of equal partH of glucose and 
galactose is soluble in water to the extent of 42 per cent at 25°C. 

Maltose 


CH.OH CH.0H 



H OH H OH 


Synonyms. 4-u-( ilucosc u-D-glueopyranoside, 4-(a-n-glucopyranosyl)-i>- 
glurosc, malt sugar. 

Properties. Obtained as a monoliydrate of the lieta isomer: m.p. 102- 
J03 D (\; \a\? = + 111.7 -» + 130.4 (1I S 0; r.4). Fermentable by yeasts 
in the presence of dextrose. 

Idaitijiration. Phenylosazonr, j9-naplithylhydraznnr. 

Occur re net Maltose occasionally has lieen recorded as pmsent in intact 
plants. However, since it is a product of the enzymic hydrolysis of starch 
and since both amylases and starch are tound in the same plants, it may 
be a sccondaiy product formed during the extraction process. 

Preparation u “ Soluble starch, made Irani commercial starch by a mild 
treatment with acid, is hydrolyzed by the enzymes of barley flour to a 
mixture of maltose and dextrins. These are separated by fractional precipi- 
tation with alcohol and the crude maltose is recrystallized from aqueous 
alcohol. Commercial maltose contains considerable quantities of dextrins 
which are removed by fractional precipitation of on aqueous solution 
will) alcohol. 

Struetun. The metliylntion of maltose leads to a methyl heptamethyl- 
maltoside which by acid hydrolysis is converted to a crystalline trtra- 
methylglucoHe and a trimethyl glue one. 66 The crystalline tetramethylglucose 
is identical with that obtained by the hydrolysis of methyl tetnunethyl- 
glucopyranoside and lias the methyl groups at positions 2,3,4, and 6. The 
trimcthylglucobc docs not form an osazone (methoxyl on carbon 2) and 
on inethylation gives the well-known methyl 2,3,4,6-tetnunrthylgluco- 
pyrnnoside. Of the many possible triniethylglueoses, only three conform to 

Mk (5. A. ltamsdell aiul B II Wcblt J Davy tin. , £8, 077 (1915) 

“T. H. llarding, .S'upur, £6, 350 C1923) ; It (J. Gore, (T H. Patent, 1 ,067,079, Jan 

21, 1D2H 

V Haworth, J V Load) and V W. Long, J. Chem Sue., 3146 (1027) 



444 chemistry or the carbohydrates 

these specifications. These ore the 2,3,4-, the 2,3,6- and the 2,4,6-tri- 
methylglucoees. The synthetic 2,3,4-trimcthylghicose differs frpm the 
product of the hydrolysis of the methylated maltose; itB structure is de- 
termined through its synthesis by the methylation of 6-tritylglucose and 
by its oxidation to zyfo-trimothoxyglutaric add. Since tho trimethylglucoee 
from thi> methylated maltose 1 is oxidized by nitric add to (dextro)-di- 
mctliyl-ii-tartaric add, it must be the 2,3,6-trimethylglucose. In agree- 
ment with this conclusion, the Ihird possible isomer 2,4,6-trimethylgluGOse, 
v liich list* been synthesized, gives neither of these dibadc adds when 
oxidized. 

The identification »1 the trimcthylglucose from maltose as the 2,3,6- 
trimolhylglueow* dill leaves two possibilities for the structure of maltose 
since the disaccharide bridge may be connected to carbon 4 or carbon 5. 
The position of the linkage is shown by the bromine oxidation of maltose 
to maltobiouir add w liicli on methylation and hydrolysis yields, in addition 
to tetrumethylglucuse, a tctramethylgluronir acid. Inasmuch us this acid 
forms a lactone identical with methylated gluconic l V '"lactone, it must be 
2,3,5,6-tetramcthylgluconic acid with the unsubstituted hydroxyl on 
carbon 1 representing the* jatsilion of the disaerharide linkage.* 7 

The above evidence proves** that maltose consists of two glucose residues 
connected Ix'tweeu carbons 1 and 4' by an oxygen bridge, but the con- 
figuration of the glucosidic linkage remains to lie determined. This deter- 
mination is partindarlj necessary, for anolhei important disaccharide, 
eellobioHC, gives exactly the same final products as outlined above for the 
maltose. The best proof of the configurations of the glucosidic carlxm of 
these two disaccluirides is obtained from studies of the enzymic hydrolysis. 
Maltose is hydrolyzed by the same yeast enzyme (a-glucosidasc) os that 
which hydrolyzes inethyl a-glucosidc. The /9-glucosidase of almond emulsin 
produces nu significant cleavage. Cdlobiose, however, is hydrolyzed by the 
same enzyme (jS-glueosidnse) as that acting on 0-glucosidcs. From this 
evidence, malt ok* is gimi the fnrmulu of 4 -glucose a-n-glucopyranoside 
and ccllohioxc the formula 4-gluvoHe /3-n-gIucopyra.nnside. These formulas 
are gixen confirmation by the* high dextro optical rotation of maltose 1 and 
the small rotation of cellolnose. As a rule, the a-glucosidrs ore strongly 
dextrorotatory and the /J-glucosidcs levorotatory. 

Isomaltose 

The imfermentable fraction of the products formed by tho action of 
acids on glucose or on starch has been given the name of iso maltose.** The 

" W. N. Haworth unit H. JVat, J. Chem. Soe., 3004 (1030). 

"tV, X. Haworth. C. W. Lung and J. If. G. Plant, J. Chem. Soc., 2809 (1027). 

"K Fischer, Her., 18, 3021 (1005). 
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nature of the isomaltose is of considerable interest because the mother 
liquors (“hydrol”) from the preparation of D-glucosc from starch contain 
considerable quantities of nonfermentable material. The product obtained 
is very difficult to purify. Although a crystalline osazone is reported by 
Fischer, the osazones obtained by other workers have appreciably different 
properties. Methy lotion studies of the isomaltose show that the bulk oi 
the material is one or lwth of the ti-glucuse glucosideh, for hydrolysis of the 
methylated derivatives gives 2,3.4-trimelhylglucose and 2,3,4,6-tetru- 
methylglucose. Although it has Ijeon suggested 10 that isomaltose is 6-glucose 
a-glucoside, the laek 71 of action by yeasts und yeast enzymes ( a-glucosidase 
and invertase) would be letter explained by the gentiobioHe (6-glucose 
jS-glueoside) structure. ThiH explanation would also agree with the isolation 70 
of geiitiobiosp (as the octaacetate) from the “hydrol,” acetylated after 
removal of fermentable material. However, until additional evidence has 
been obtained, the homogeneity of the product remains very questionable. 

MeUbiose 



Synonym n li-C.lucose nr-D-galnctop\rnno>,idc, t’> (o-D-palaelop.vranosyl)-i)- 
glucose 

Properties. Crystallizes as the dihydrate ot l he beta isoinei , m.p., K2-K5°C ; 
fat iff* ■= + 111.7 —* + 12U.5 (!!•(); r,4). Fermentable by bottom yeasts 
hut, not by most top yeasts. 

Identification. Fhenyihydrnzone *md osazone. hydrolysis ot the sugar or 
DBazone and oxidation of the galactose to mucir arid 'lactose gives the 
same reaction). 

Occurrence. The sugar is found as a component oi the trisueehuridc raffinoH* 
and has been found free in plant exudations. 

Preparation.**' 1 ' Raflinosc, a trisacrhnride Immd in beet molasses, is hy- 
drolyzed by iuvertase since it contains a sucrose linkage; melihiose and 
truutoHC an* produced, fly using baker’s yea^t (top yeast ), hydrolysis and 
simultaneous removal of fructose by termenlntion takes place. The simp 
crystallises directly or after piirificatiou through the octaacetate. 

Structure and Synthesis. Hytholysis of methylated melibionic acid gives 

70 K. My r back, Spenafc Km. T id., BS, 201 (1041) 

M A. Georg, Compt. rind. toe. phys hint, n at. (Ginior), 47, 01 (1030) . 

71 II. Heflin, J. Am. Chtm. Soc., 13, 1107, 2027 (]02f>) 

71 C. H. Hudson and T. S. Harding, /, Am. Chem Soc , 17, ‘JTH (1015), T S. IIhkI 
mg, Sugar, tB, 414 (1023). 
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tetramelhylgluconic acid aud a tetramethylgaluctuse. The funner is the 
2,3,4,5-isomer since it does not form lactones and since it is oxidised by 
nitric acid to tetramcthylglucurir arid. The i etramclhylgalact our is identi- 
cal with that obtained by thr hydrolysis of methyl tctramcthylgalacto- 
pyranoside and must l>e 2,3,4,(i-tctramethylgalactose. The disurdiaride 
linkage must connect carbon 1 of the galactose and carlmn (i of the glucose 
residue.* 

When tetraacetylgalactohyl bromide condenses with 1 ,2,3,1-tetra- 
acetylglucose in the presence of silver cnrbonnte, a disaccliaride octaacetate 
is formed" whirl) is different from the melihio.se octancetiites and which 
may lie identical with the so-called alio lactose isolated from milk. This 
compound probably has a jtt-galactosidic linkage, inasmuch as ff-galactoaides 
are the customary products of the Koenigs- Knurr reaction as applied here, 
and is (i-glurose 0-n-galartoside. When quinoline is employed to aid in the 
condensation of tetraacetylgalaetosyl bromide aud phenol, some* phenyl 
a-galartoside is formed. The replacement of silver carbonate by quinoline 
in the disaccliaride synthesis leads to the preparation 1 ' of melihiosc octa- 
acetate, which probably has an a-gulactosidic linkage lieenuse it differs 
from the produet obtained from the Koenigs-Ivnorr synthesis 

Sucrose 


.OH 

Synonyms. Saeeharose, earn* sugar, licet sugai, 1 n-n-glueopyranose 0-i>- 
fruetofurauoside, 2-/ta>-fruc1 ofuranose o-n-glucopyranoside. 

Propertus. [«|“ = + li(i.53 (list); r,2li) ; m.p., I <iO" to ISli u l'., depending 
on tlu> medium used tor ininlication. 71 ' Nourcdueiug. Ferment able by yeasts. 
Identification. An alkuline solution of diazoiiracil turns green only in the 
presence of sucrose oi of oligosacrharidcs eontaiuing sucrose as a com- 
ponent, t.c., roflinuse, gentinnose and stachyose. 17 
Occurrence. The sugar occurs almost universally throughout the plant 
kingdom in the juices, seeds, leaves, fruits, flowers and roots of plants. 
Sucrose w f rs reported in all of the 281 species of phanerogams studied by 
Rourquclot and his associates. 7 * Honey consists principally of sucrose and 

’•B. Ilellerirh nail It. liaurh, Ber . BO, 2665 (192(1) 

"B. Ifelferich and II Rrcdrrcrk, Ann , W, 100 (1928) 

71 Hee: A. l’ictct and II. Vogel, fftlv. Chim. Ada, II, 1)01 (1928) 

" II. llavbin, J. Am. Chem. Sm ., SO, 1102 (1937). 

11 Quoted by C. Btiguin, Phunn. Artn Ifrlv., 1, Ml (1920). 
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its hydrolysis products glucose and fructose (invert sugar). The p rinci pal 
sourceB of commercial interest ore sugar cane, sugar beets and the sap of 
maple trees. 

Manufacture. Cane Sugar. Sugar cane (Sacclmum officinarvm L.) is a 
species of the famOy of grasses having a single stalk and often reaching a 
height of 18 feet. During harvesting, the cane is cut rlose to the ground 
and topped. Tn order to prevent losses due to the hydrolysis (inversion) 
of the sucrose, the stalks are processed as rapidly as possible. This is ac- 
complished by first passing them through cutting machines and then 
through roll crushers which force out the juice. The pressed cone fibre 
(called bagasse), may l)c extracted with water and passed a second time 
through the rollers. The bagasse may he used as a fuel or for the preparation 
of products such as certain typcH of wall board. Although the juice varies 
considerably in composition, the following analysis may be taken as being 
representative. 


Water 

K3.0% 

Sucrose 

15.0% 

Reducing sugars 

1.0% 

Other orgnnir material 

0.6% 

Vsh 

0.5% 


The juice, originally acidic, is made slightly alkaline by the addition of 
lime wbicli acts to prevent hydrolysis of the very acid-sensitive sucrose and 
which also remows many impurities. This purification by the use of lime, 
called defecation, is the principal purification process in the preparation of 
the raw sugar. When the alkaline juice is heated, a heavy scum or cake 
which forms on the surface contains many of the impurities while still 
others settle out on the bottom. After separation of the impurities, dear 
juice is drawn into evaporating puns. 

Subsequent to a preliminary evaporation of tlie purified juire in vacuum 
pans to a solution of about 50 per rent solids, the sirup is transferred to 
vacuum pans in which the rate of evaporation and the temperature may be 
accurately controlled. The evaporation is continued until crystals appear, 
and then fresh sirup is added at a rate such that the original crystals grow 
without the formation of new crystal nuclei (false grain). When the desired 
growth has bwn obtained, the mass of crystals and sirup, called the mos- 
seruite, is dropped into centrifuges; the mother liquor is separated; and 
the crystals an* washed with clear juice and finally removed. 1 hese crystals 
constitute the “raw sugar” of commerce and are the raw’ material for the 
refinery. Successive crops of crystals of decreasing purity an* taken from 
the mother liquors until no more may lx* economically obtained. The final 
mother liquor (named “blackstrap”) is a dork-colored viscous liquid which 
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is Bold as cattle food and which is also extensively employed as the source 
of carbohydrates in the preparation of industrial alcohol and rum sinoe it 
still contains 60 per cent of fermentable BUgar. 

The “raw sugar,” as shipped to the refineries, is usually brown in appear* 
ance, and the principal task of the refinery is to remove this color and to 
make a nonhygroscopic, smooth-pouring product. As a first step the 
crystals are washed in centrifugals with the mother liquors obtained in 
previous refinery operations. Considerable color is removed without dis- 
solving the crystals. The washed raw sugar is dissolved in a small amount 
of hot water; a little lime is added and the elution is purified by passage 
through towers of activated animal charcoal (bone black) or vegetable 
charcoal. The filtered solution is concentrated in vacuum pans uh described 
for the raw sugar, and the crystalline refined sugar is obtained. This last 
stage of the process is difficult, for all the various factors involved in ob- 
taining a product with a predetermined, uniform particle-size have not l)een 
discovered. Several more crops of white rnstals may lie obtained from the 
mother liquors before "brown sugars” are nbtniued. The brown crystals 
from the mother liquors of the refinery operations, and not the brow n “raw 
sugar,” arc the “brown sugars” of rommrrrc 

Bee Sugar. In other thun tropical and sub-tropical countries, the sugar 
beet (Beta rulgarie ) is the principal source of sucrose. After harvesting, 
the beets are taken to the mill, washed and cut into slices called “rosettes.” 
The rosettes are delivered from a central spout, into a series of diffusion 
vessels. Here Ihev are extracted with hot water utilizing the eoiintei-eurrent 
principle. Fresh water iiasses first into the diffuser having the most ex- 
hausted charge ; the solution then goes through the diffusion vessels in order 
of increasing sugar content and finally passes through the fresh charge of 
curettes. The (lark diffusion juice containing about 12 per rent of sucrose 
is agitated with lime for several hours. Cnrbon dioxide is |iasscd into the 
solution, and the precipitate, whicli contains most of the impurities, is 
separated by filtration. The light-yellow filtrate is decolorized by a treat- 
ment with sulfur dioxide and after a final filtration is concentrated in 
multiple-effect vacuum pans. The crystals are developed during the evap- 
oration in the same manner us Tor the cane sugar and arc then separated 
from the mother liquors by centrif ugation and finally dried. The evapora- 
tion and crystallization arc carried out repeatedly with the mother liquors 
as long as enough sugar is obtained to make the process economical. 

Additional quantities of sucrose may 1 m; obtained from the molasses by 
diluting it to a concentration of about 7 per cent BUgur, cooling to 12°C. 
and adding lime (Steffen process). A difficultly soluble oompoiuid of sucrose 
with three moles of lime, tricalcium saccharate, crystallizes. The tri- 
calrium saccharate, after separation from the final molasses, serves in the 
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place of lime for the purification of the warm diffusion juice. Some beet 
sugar factories recover additional sugar from the molasses by a treatment 
with barium hydroxide, which forms the difficultly soluble barium Bac- 
chante. This Bacchante is decomposed with carbon dioxide, and the 
insoluble barium carbonate is separated from the sucrose. The barium 
carbonate is reclaimed and reconverted to luvrium hydi oxide. The final 
molasses is usually sold for cattle food or for industrial fermentations 
particularly when mixed with "blackstrap” molasses. 

The sugar may Ik* purified by reciystallization from aqueous or aqueous 
alcohol solutions.” 

Structure. The sugar is hydrolyzed by acids and by enzymes to a mixture 
of equal amounts of fructose and glucose. The process is called inversion 
since the optical rotation changes from dextro to lcvu because of the high 
levorotation of the fructose. The mixture formed is culled invert sugar. 
Octametbylsucrosc, obtained by the mcthylation of sucrose, docs not 
undergo inversion of rotation on hydrolysis, and two dextrorotatory tetra- 
methylhexoses an* obtained. The tctramethylglucose is the well known 
2,3,4,6-tetrnmcthylglueose. The structure of the fructose* derivative is 
shown by the following evidence. (For the structure of tetramcthylfructo- 
pyranose, see p. 209.) Oxidation with nitric acid gives a liquid trimethyl-2- 
ket oglu conic acid, which in turn is oxidized by acid jx>nnanganate to a 
crystalline trimpthyl-n-arahonir 7-lactone. This lactone is identical, except 
for the sign of the rotation, with the product ohloincd by the oxidation ol 
trimethyl-L-arahinosii. Inasmuch us the Irimrthyl-D-arahonic lactone from 
sucrose yields (levo)dimethyl-D-t art uric acid (I) on furt her treatment with 

II OCHj 

HOOC C r COOH 'L 

OC11, II 

nitric acid, it must liave the methyl groups at positions 2,3 and 5; the 
original methylated fruclosc from suciose is the l,3,4,C-1etnunethyl- 
fructofuranosc. If the probable assumption is made tliut the sucrose has 
ring structures fur the eomponeut sugars, then the connection between the 
hexosc units must he between the anomeric carbons and sucrose has the 
formula given above. 80 

The above structure is confirmed |»y the results obtained by periodic 
acid oxidalion.® 1 Sucrose* consumes three moles of jieriodic acid, and one 

n K. J. Bates and AsHociates, "Pnlanmeirv , Kurrharinicl ry anil the riuuant' 1 , (!n- 
rular C440 of the National Bureau of Klamlairis; Washington, D. 0. (1042). 

•o J. Avery, W. N. Haworth aiul K. I.. Hiist. J. Vhcm. /for., 2308 (1027); W. N. 
Haworth, E. L. Hirst and A Learner, t bid., 2132 (1927) 

81 P. Fleury and J Courtoia, Bull. soc. chim , [5], /0, 246 (1043); Compt. rend., 
310 , 66 ( 1943 ). 
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mole of formic acid is formed. After bromine oxidation of the tetraaldehy de 
and subsequent hydrolysis, hydroxypyruvic, n-glyceric and glyoxylic acids 
are obtained. (For a discussion of this method we p. 209.) 

Tlie configuration of the glycosidic linkages of sucrose is probably alpha 
for the glurose compnnenl and beta for the fructose component. The 
hydrolysis of sucrose by yeast nr-glueosidaso and not by the 0-glucosidaHe 
of almond einulsin supports the a-gluroside structure, Similarly, the 
hydrolysis of the sugar by yeast invertase, an enzyme which hydrolyzes 
beta but not a-fmetofuranosides, supplies evidence" 2 for the 0-fructo- 
furanoside structure. Comi>arisons made by use of the Isorotation rules 
agree with the above evidence because only the cx f 0-ronfiguration gives 
agreement between the calculated and observed rotations for sucrose and 
sucrose octaacetate." 1 

Synthem. The chemical synthesis of sucrube remains one of the outstanding 
unsolved problems of sugar chemistry. Many attempts have been made, 
but it is generally agreed that the aim has never been achieved since if 
lias not been possible 84 to reproduce the single reported chemical synthesis. 
The problem is complicated because of the theoretical existence of four 
isomers having sucrose structures but having different configurations for 
the anomeric carbons. These may l>c designated as the a-a, 0-0, cr-0 and 
0-a isomers. Sucrose is probably the cr-0 isomer (a-glucosidic, 0-fructosidic 
linkage), and the methods of synthesis employed usually result in the 
synthesis of the 0-rc isomer (isosucrose). In some methods the number of 
possible isomers is further increased since either of the reacting molecules 
may condense with others of the same kind to form dilVuctosidcs and 
dighicosides each of which should exist in four nr, 0-isomers. Still another 
hindrance arises from the difficulty of obtaining well-defined suitable 
derivatives of fructofuranose. 

Attempts at the synthesis of sucrose have l>eon made by Pictet and 
Vogel, 85 Irvine and associates 88 and Klages und Niemann. 83 The 1 ,3,4,6- 
tefraacetylfructosyl chloride and 2,3,4,6-trtrattcetylglucow react iu the 
presence of silver carbonate giving a disaccharide ortaacelate isomeric w T ith 
sucrose and called isosucrose. The isosucrose probably has a 0-glucosidic, 
a-fructosulic structure : 2-0-glucopyranosyl-a-fnictofuranoside. However, 
Schlubach and Middelhoff 87 report that isosucrose exhibits reducing prop- 

“II. II. Hchluhach and (I. Rauchallcs, Brr., 58, 1842 (1025); C\ H. Purves and 
C. H. Hudson, ibid., 69, 40 (1OT7) 

u V. Klages and R. Niemann, Ann., 629, JS5 (1937). 

84 G. Zemplta and A. Oerers, Her., 62, 981 (1920); A. Georg, Hclv. Chim. Aria, 16, 
130 (1933) . 

“A. Pictet ami H. Vogel, Hclv. Chm. Arta, 11, 436 (1928); Ber., 62, 1418 (1929) 

“J. Cl. Irvine, ct al , J. Am. Chm . Bor., 61, 1279, 3609 (1029); 54, 1079 (1932): 
57, 1411 (1935). 

M II Sclilubacb and H. Muldelhoff. -liui , 550, 134 (1942) 
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erties which would be best explained by the presence of a free reducing 
group. But inasmuch as the reduction of Fehling solution by isosucrosc is 
much slower 88 than that by maltose, it seems probable that reduction may 
be a consequence of a lability of the sugar to alkaline hydrolysis such as 
has been observed for turanose and some glycosides (see p. 1 99). In attempts 
to condense' tetroaeetylgluco yl halides with fructose derivatives having an 
unsubstituted hydroxyl group at carbon 2, no disaeeharide formation could 
be detected. The action of phosphorus pent oxide on an anhydrous solution 
of 2,3.4,(Metraacetylglucose and tetrabenzoyl or tetraacetyl fmeiofura- 
nose results in the combination of two molerules of the glucose' derivative 
with the formation of l-(0-n-glucose) fl-D-glucosidc (/J,j8-trehalose) deriva- 
tives. 

Numerous reports of the biochemical synthesis of sucrose haw l>een 
made. Invert sugar solutions (equal amounts of fructose and glucose) are 
partially transformed to sucrose hy the simultaneous action of invert ase 
and phnsphoryluse in the presence of inorganic phosphate. 88 The in vivo 
synthesis probably takers place from glucose by a phosphorylation process 
since fructose and glucose phosphates are in equilibrium in living organ- 
isms. w Both glucose and fructose phosphides are found in the leaves of 
sugar boots, and potato slices synthesize sucrose when placed in glucose or 
fructose solutions.* 1 Many cut plants, immersed in sugar solutions in the 
dark, produce sucrose from dissolved glucose, fructose, galactose and 
maltose, although dihydmxyaectoiie, xylose and glycerol an* not utilizable. 92 
Experiments with detached blades, sheaths, stems and roots of sugar cane 
indicate that the formation of glut use and fructose* is preliminary to the 
synthesis of sucrose* since glucose* and fructose are converted to sucrose by 
the leave's in the dark hy a process involving phosphorylation.” 

Hassid, DnudoroiT and Burkor made a notable contribution when they 
found that a bacterial emulsin (Pwitdomonan mccharophila) contains a phos- 
phorylase which hydrolyzes Micro e to fructose and glucose 1 -phosphate 
in the presence of inorganic phosphates and which synthesizes sucrose from 
the latter products. From the e reaction products, cryntallirw synthetic 
sucrose has been obtained for the first time. Analogous disaccharides are 
formed from glucose 1 -phosphate and sorbose or D-xylulosc. w 

“ A. Georg, Ann., 651, 272 (l!M2). 

81 A. Oparin and A. Kurus an ow, Biochan. Z. t 859. 1 (1931). 

90 J. Burkard and C. Neuhrrfc, Biochan. Z., 870, 229 (10341. 

91 J. M. Nelson and It. AurliinrluSH, J. Am. Chan. Bor., 66 , 3709 (1933). 

91 M. Nurmi a, Ann. Acad. Sci . Fcnnicac, 44 A, No. 8 (1935). 

98 C. E. Hartt, Hawaiian Planter h’ Record , 4U 33 (1937); 47, 113, 155 (1943); 4** 
31 (1914). 

94 W. Z. Hassid, Al. DoutlurulT and 11. A. Burkor, J. Am. Chtm. Stic . 6t. 1410 
(1944); M. DoudoroiT, Federation Proc. t 4, 241 (1945); W. Z. Hassid, M D»iu lorofl 
H. Barker anil W, H Dorr, .Iwr Chan Bar , HR. 1 405 (1040) 
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a,a-Trehalose 



Synonym* l-(«-i>-(Uucopymnuse) a o glucopyriinosido, inyrosc, mush- 
room SUgttl . 

Piopertin of Dihydiatt. Nonreducing; m.p., 07 o ('., [«!?« + 178.8 
(1I S 0; r,7). Fermentable by most yeasts. 

Identification, llcxaacctate 

Occurrence. 9 * The* sugar was originally separated from rye ergot and is a 
common constituent of fungi. It is found in young mushrooms, but ns the 
plants develop the trehalose content is replaced by mannitol, and in aged 
or dried mushiooms the sugar is completely replaced by mannitol. 1 * 
Trehala manna, a source ol trehalose, i* nol a true manna (plant secretion 'I 
but consists of an oval shell about the size ol an olive loraied by certain 
insects found in Sviia. Probably the U’st source ol the nilgai is the “resur- 
rection plant/ 1 S ilayinella leptdophylla , a common plant of the south- 
western United States, which contains free trelialobc, As some workers 
have not been able to obtain the sugar trom this source, it is probable that 
the harvesting time must be carefully controlled. Sea weeds an* also re- 
ported to contain considerable quantities of the disaccharide. 

Preparation. 9 * The sugar is extracl ed from trehala manna by the action of 
boiling 75 per cent alcohol. After concentration, the extracts are purified 
by treatment with basic lead acetate and the excess lead removed with 
hydrogen sulfide. The filtered solution, after concentration, deposits crystals 
of trehalose. Essentially the same process is employed in obtaining the 
sugar from coarsely ground Selaginclla, but the extraction may be carried 
out with water rather than alcohol. 

Hungarian ergot may be used us a source. 97 The benzene-extracted ergot 
is treated with alcohol. The extracts are purified with activated carbon and 
evaporated; crystalline material is obtained by diluting the residue with 
aqueous alcohol and allowing the solution to crystallize. 

Structure . Mcthylation and hydrolysis of trehalose produce* I wo moles of 
tetramethylglucopyranose . M The sugar consumes four moles of periodic 
acid and two moles of formic acid are formed. 89 Hence, the disaccharide 

11 T. 8. Harding, Sugar, 83, 470 (1923). 

M E. Bourquelot, Compt rend., Ill, 078 (1690). 

*’G. Zempldn, Chem. Abet., 31, 6204 (1937). 

■■II. Schlubach and K Maurer, Ber ., 68, 1179 (1925); (the 2,3,6,6-tetramethyl- 
glucoze of S. and M. is the compound now known as 2,3,4,6-tctramcthylglucose) 

91 G L. Jackson and C. S. Hudson, J Am, Chan. Son,, 61, 1530 (1939). 
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must have a pyranosc structure for each glucose component nnd have a 
glyooeidic linkage connecting the two anomeric carbons. Consideration of 
the optical rotatory relationships indicates that both anomeric carbons have 
the alpha configuration. 

Attempts at the synthesis of the compound have been unsuccessful but 
0,0 and a, 0-isomers have been obtained 11 (see under Sucrcne). 

Turanose 100 * 


CH.OH H 



Synonyms. 3-Fructoae u-n-glucopyranosidc, 3-(ft-D-glucopyrannsyl)-l>- 
fructose. 

Properties. m.p., 157V.; \o\f = + 27.3 -* + 75.8 (11,0; c,4). Not fer- 
mented by yeasts. 

Identification. Phenylosazone. 

Occurrence. ITie trisaccharide melezitose yields on partial hydrolysis 
turanose and n-glucose. 

P reparation. mu Mclczitnsc is partially hydmlyzed by dilute sulfuric acid 
with the liberation ol glucose and turanuM 1 . The glucose is removed by 
fermentation and the turanose directly cryhtallized. 

Structure. As shown by (1. Tuiuct, the sugar is hydrolyzed to n-lrudose 
and D-glueose by yeast cr-glucosidnse and hence must be an a-ghicoside. 
This conclusion receives confirmation from the lack of hydrolysis of the 
disaccharide by ahnund cinulsin 101 The above evidence and tlic resistance 
of the sugar to oxidation by alkaline hypoiodite solutions, coupled with its 
reduction of alkaline copi>er-salt solutions, show that the unsubstituted 
hemiacctal group lielongsto the fruiiosc component. Tlir mutarotatiun of 
turanose resembles that of fructose and prolmldy is caused by an inter- 
uonvendon between pyranose and furanose isomers rather than belwcen 
alpha-lieta isomers.' 18 Hence, the hydroxyls of carltons 5 and 6 of the 
fructose component must lx* unsubstituted. The formation of an osszonc 
proves that free hydroxyls are present on both carltons 1 and 2. ,w 1,11 This 
evidence eliminates all positions except carbons 3 and 4 for the disac- 
charide linkage. If flip linkage involved carbon four of the fructose residue, 

I "* C. S, Hudson, Aden nets in Carbohydrate Chrm , f, 1 (1946J 

,Mb C. S. Hudson and E. Pm-su, J.Am. Chem Sor , St. 2S32 (1930). 

,n M. Bridel and T Aagaard, Compt. rend , 1&4, 1007 (1927); T. Aagaard, Chem 
Abet., 94, 1089 (1930). 

in II. S. Isbell and W. W , Pittman, J. Reseat ch Natl. Bur. Standards, 90 , 773 (1938). 

1N K. PaCHU, K J Wilson, Jr , and L. Graf, J. Am. Chem. Soc., 81 , 267S (1939) 
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the turanose would yield llie same osazone as malt oho, but actually the 
two osazones are quite different. 108 Hence, the tw r o monosaccharides must 
be connected by an oxygen bridge l>e1v\een carbon 3 of the fructose and 
carbon 1 of the glucose component. It in, then, 3-lnictose a-D-glucopyrano- 
bide. This structure is confirmed by the ease of hydrolysis of the sugar by 
alkalies 1111 and by the formation of tritritylturanosc. 10 * 

By an ingenious application of stereochemical principles, the structure 
of turanose has been related to tliat of maltose, and a din'd proof of its 
structure has been obtained. 1 * The proof involves the conversion ol maltose 1 
to epimaltose by means of the glycal synthesis (see p. 128), and the reduc- 
tion of the epimaltose to the same product (3 or 4-a-glucosylmannitol) as 
that obtained by the reduction of turanose. The symmetry of mannitol is 
such that substitutions at the 3 and 4 positions of mannitol are equivalent 
substitutions. An outline of the important steps in the synthesis are given 
in the accompanying formulas. 
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104 H 8 label ], Uthtarch Null Bur Standardise, 35(1941) 
,M E Papflii, J Am Chrm flor , 55, 3009 (1931) 
i“C 8 Hudson, J Orq Chtm , 9, 117, 470 (1040 
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B. Tri- and Tetra saccharides 

Gentunose 



Gcntiobiosc Sucrose 


Synonym « l-(6-D-CHucopyrnnosyl-a-D-glucopyrannsc) /to-fructofuranoaidc. 
Properties, m.p., 209-21 IT.; [o|f = + 31.5 (H*0). Nonreducing. 
Occurrence. The sugar ih found in the rhizomes of many species of Centian. 
Preparation. ,n Powderpd gentian root is extracted with 90 per rent alcohol 
and the sugar isolated from the extracts. 

Structure. Gentianose yields two moles of n-glucose and one of n-tructose 
when completely hydrolyzed by acids. Partial acid hydrolysis or the action 
of invert ase produces fructose and gcntiohinsc. 11 * The enzyme* of almond 
einulsin cleave the disaccharide into glucnsc and sucrose. This evidence 
suffices to fix the structure of the trisaccharide. The two glut-one imits must 
lie connected by a 1,6' 0-glucosidic linkage. The fructose unit must form 
one end of the molecule, lie connected to the reducing carbon of the grnti- 
obiose component through a sucrose linkage and have a funimihc structure. 

Melezitose"*" 1 



Synonyms. (a-D-dlucosyl (-sucrose ; 2-[3-(a-glucopy rnuosyl )-j8(?)-n-fructo- 
furanose] a-D-glucopyranoside. 

Properties of Dihydrate. m.p., 153-154T ; [«]* = + 88.2 ( 11,0; r, II. Not 
fermented by top (baker’s) yeasts. 

Identification. Hendeconretate. 

Occurrence. The sugar, discovered by Bert helot in 1859, is a constituent of 
the sweet exudations of many plants such as the “honey dev” of limes 
and poplars and the manna exuded from insect -produced wounds of tlie 
Douglas fir, Virginia pine, larch, etc. In dry seasons when the supply of 
flower nectar iR insufficient, bees may collect these mannas or honey dews, 
and the honeys may contain considerable quantities of mclezitose. ,n When 

ln M Bridcl and M. I)ebmam>t, J . phono, ehim , 0, 485 (1920) 

1,1 E. Bouiquelot and II IWiiwipy, I'ompt tend , iSB, 399 (1002) 

••• (J. 8. Hudson and 8. F. Sherwood, J. Am. Uhtm. Soc , 4*, 118 (1020) 
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the quantity of the trisaccharide is great, crystallisation of the honey may 
take place in the comb. Probably because of the resistance of the melesitoee 
to hydrolysis by invertase, honeys which contain this sugar will not serve 
os foods for bees. 

Preparation. If available, the melesitose-rich honey provides the best 
source since the crystallised Bugar is easily separated by dilution of the 
honey with alcohol and centrifugation. 19 ' 10 * 

Mannas from vaiious sources may be utilized by extracting the impuri- 
ties with aqueous alcohol and then extractingthe trisaccharide with water. 110 
The sugar crystallises from the aqueous extracts after the addition of 
alcohol. 

Structure. Complete acid hydrolysis leads to the formation of one mole o( 
o-fructose and two moles of D-glucoHe. 110 Dilute acids hydrolyze the sugar 
to glucose and a disaccharide, turanosc , and the ease of hydrolysis is about 
the same as that of sucrose. 100b Since, turanosc is 3-fructose a-n-gluco- 
pyranoeidc (see under TuranoBe), the nature of one of the disacrliaridc 
linkages is established. The lack of reducing power of mclezitose proves 
that the second linkage is tatween the reducing carltons of the second 
glucose unit and the fructose portion of the turanosc imit. Hoth dinar- 
charide linkages are hydrolyzed by ar-ghirosidase 1 ’ 1 and must have the 
alpha configuration in relation to the glucose units. The configuration ol 
the fructosidic linkage is still undetermined but in all probability is lieta . 
if the configuration is beta, the second disaccharide component may hr 
sucrose. The lack of action by invertase is to be ascribed to the substitu- 
tion (at rarhon 3) of the fructose unit of sucrose by a second glucose unit. 

Raffinose 



OH H OH OH H 

Mrliluuse Sucrose 


Synonyms. Gossypuse, melitose, melitriosc, (a-gulactosyl)-Microse, l-[0- 
(a-galactopyranosyl)-a-D-glucopyranosc] 0-D-fnictofurannside. 

Propertux of Pentahydratc. m.p., 80 # t\: [a|“ = + 105.2 (11*0; r, 4). 
Partially teriuentcd by tup yeaKt (liaker’s yenst ) with the formation of 
inelibiose; completely fermented by t>ottom yeast. Nonreducing. 
Identification, llendeeaacetate. 

»• G Touret, Hull toe. chim., 13], 36, *17 (1906). 

1,1 n tVcidcnluiiccn, 7 Vrr. ilrut, Zitcker-Ind.. 7H, 7M fJBiWO 
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Occurrence. The sugar exists in a free condition but in very small amounts 
(0.01 to 0.02 per cent) in BUg&r beets and accumulates in the mother 
liquors during the preparation of beet sugar (sucrose). The beet molasses 
provides an excellent source for the sugar. Tt has been found in many plants 
of which cotton (cotton seeds) and Australian eucalyptus (manna) may he 
particularly mentioned. 

Preparation 'Hie sugar is available as a by-producl of the lauiuin process 
for the recovery of sucrose from beet molaHscs (sec under Sucrose) and 
crystallises directly from the final molasses. 111 Cotton-seed menl may also 
be utilized by extracting the Bugar with water, precipitating it as a diffi- 
cultly soluble compound with calcium (or barium) hydroxide and removing 
the calcium by carbonation. 114 

Structure. Complete acid hydrolysis leads to the formation ol one mole each 
of n-glucoso, i>-fructose and o-galactose. Mild acidic hydrolysis affects only 
one linkage, and melibiosc and fructose result. 1 ’ 1 Inasmuch us invertase 
produces the same end products, a sucrose type of linkage must lie present 
The presence of a sucrose linkage is proved by the action of almond cmulsin 
(a-galoctosidosc constituent) which produces sucrose and D-galactose.” 1 
This evidence fixes the order of the monosaccharides and of their method 
of combination since the disaccharide connections of sucrose and melihiose 

(Mrlilrimip jxirliun'l (Sucrose portion) 

1-to 

tt-fchlnftoayJ — a-glucuByl 0-fruclofur&uoKi<le 

T T 

hydiolyzcd by hydrolysed by 

of-KalftcLoriidnsi 1 invertaai 4 

liavc been established (see discussion under these disaccharides). Hydroly- 
sis of the methylated sugar gives the expected methylated monosaccharides, 
identical with those obtained from melihiose and sucrose. 11 ’ 

An isomer of raffinosc, planteose, occurs in plantains (a common weed, 
P'antayo major) and other riantago species. 111 Aeids hydrolyze it to 
galactose, glucose and fructose. 

111 T. H. Harding, Nuyiti , id, 308 (1023). 

,H E. II. Hungerfnrd anil A It. Npes, Jnd. Eng. t'hem , <0, M2 (1934) . 

,u E. P. Clark, J.Am. Chm. Noe., U, 210 (1932); D. T. Englis, R. T Deoker anil 

B. Adams, ibid., 47, 2724 (1926). 

,l * See: C. Rohciblrr and II. Mittelmeier, Iter., tt, 10H0, 9120 (1989). 

*>• C. Vuberg, Hioehem. 9, 528 (1907). 

lH W. X. llaworth, E. L. Hirst and associates, J. Chem. Noe., Itt, 3126 (192 i; 
1627, 3140 (1927) 

111 X Watties and M llans, Bull. Acad. toy. mod. Bely., 8, 380 (1943) ; Chem. Abet , 
St, 4840 (1946). 
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a-Galivctosvl 


i-e' 


— a-galartoayl 


Stachyose 

r-4 


1-2 


a-glucoayl - - - 0-fruotofaranoaidc 


Synonyms. Lupcoac, 0-galactan, manneotctrose. 

Property «. m.p., IG7-170°(.\; [alf = + 148. Partially fermentable by 
yeasts. Nonreducing. 

Occurrence. The tetrasaccharide, in a frequent constituent of plant productR 
and is found associated with raffinusc and sucrose. It lias lieen reported in 
the roots of Slachys specieH, in the twigs of white jasmine, in the seeds of 
yellow lupine (Lupinns luteus), in soybeans (Soja hispida), in lentils 
( Htvum lens) and in ash manna (Frarinvg ornus). 

Preparation."' 1 Ash manna and nodules of Stachys tiiberifcra have been 
utilised as sources of the sugar. 

Structure. The formula given is proposed by Onuki as a result of methylation 
studies. Since the sugar is often associated with raffinose, it seems peculiar 
that it is not derived from this sugar rather tlian an unknown isoruflinosc 
with a 1.1' disaecharide connection between the galactose and glucose 
components. 

Baker’s yenst invertase preparations, which contain no a-galartomdaae, 
hydrolyze stachyose to the trisaccharide nmnniuotriose and fructose. 1 " 
However, brewer’s yeast emulsin, which contuins invertase and a-galacto- 
sidase, completely hydrolyzes the sugar. Since then 1 is no /3-galactosidase 
in either material, thr galactoside linkages must have the a-eonfiguration. 

A galactosylstachyose (verbascose) occurs in certain Yirbascum (mul- 
lein) species. It has the galactosyl group substituted at carbon 0 of the 
terminal galactose unit of the stachyose. 191 


■<•(' T a nr cl , Bull sue. chim., |3], 27, 017 (1902), M Onuki, Sri Paper* Inst. 
Phys Cheni Ristarrh (Tokyo), 20, 201 11033). 

“•At Vilnius, X K Riclilinycr and (’. N Iludnim, ./. Am. Chrm. Sor , ffff, 1369 
11943) 

1,1 Sec S Mumkaini, Pior Imp Arml (Tokyo), 18, It! (1D10) 



Chapter XI 

NATURALLY OCCURRING GLYCOSIDES AND GLYCOSIDAPES 


From a biological standpoint, the natural glycosides compribc one of tin* 
important groups of the carbohydrates. Bourquelot states that of 281 species 
of phanerogams investigated in his laboratories glycosides were found to 
be present in 205 species. 1 Many of the colored pigments of flowers, the 
naturally occurring dyestuffs and aromatic principles, and drugs such as the 
heart-stimulating (cardiac) glycosides are of glycosidic nature. 

Numerous conjocturcs of the function of glyrosidcs in plants have been 
made. 1 Glycosides may serve as reserve deposits for sugars, particularly in 
seeds. Other possible functions are as controls for osmotic pressure and for 
the stabilization of labilr aglycons. By analogy with tlu* use of glucosidcs, 
or particularly glucuronides, for detoxification by animals (see p. 509), it 
has been suggested that plant glycosides play a similar role by removing 
toxic materials or end products of metabolic processes. Plant glycosides an* 
known to be localized in the cell vacuoles. Frcy-Wyssling suggests that the 
aglycons an* end-products of metabolic processes. The aglycons usually arc 
lipophilic in character, but they also contain hydrophilic groups and an* 
surface-active. These characteristics lead to the supposition that the aglycons 
will tend to he deposited along with thelipides in the surface ot the border 
layer of the cytoplasm next to the vacuoles. Because their acrumidation in 
this layer might lx? detrimental to the functions of the cell, it is likely that 
glycosiilation occurs and the glyrosidcs, now hydrophilic, pnse into the 
aqueous phase of the vacuoles, which act as a disposal ground for the waste 
products of metabolism. 

Although most rommon in plant materials, glycosides are also found in 
substances of animal origin ; among thr best known animal sources ait* brain 
tissue (cerebrosides, see under Galactose) and urine. Naturally occurring 
oligosaccharides, a type of glycoside, are discussed in a separate chapter 
(Chapter X). Because the principal interest in the glycosides resides in the 
chemistry of the aglyron (the nonsugur portion), tlie naturally occurring 
glyrosidcs are considered in the present chapter along with the enzymes 
(glycosidascs) which act as catalysts for their hydrolysis and synthesis and 
which often accompany the glycosides in natural products. General methods 
of synthesis and the definitions and properties of glycosides are considered 
in an earlier chapter (Chapter V). The so-called “nitrogen glycosides’ 1 
(glycosylamincs) are covered elsewhere (Chapter IX). 

1 Quoted by C. Bfguin, Fharm .Ida Hfh., 1, 00 (1028). 

1 For a discussion of the subject sec: A Frey-Wyssling, Nalurwimturhajtm, 95, 
600 ( 1042 ). 
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GLYCOSIDES* 

1. Anthocyanidin and Flavcnol Glycosides 
Many plant pigments occur as glycosides which on acid or enzymic 
hydrolysis yield a sugar, usually glucose, or a mixture of sugars, and the 
anthoxonthins which include the flavoncs, the flavonols, the flavanones, the 
iaoflavones and the xanthones. The soluble red, violet and blue pigments of 
flowers, fruits and leaves which have been termed anthocyanins give a sugar 
and an anthocyanu/m (the aglyeon) on hydrolysis. Before the widespread 
adoption of coal-tar base dyes, these substances had considerable value as 
dyestuffs. The subject is well reviewed, and the methods for the deter- 
mination of tile structures of these glycosides and their aglycons are given 
adequately elsewhere . 4 The synthesis of pconin (V), the anthoryanin pig- 
ment of the dark-rrd peony, is outlined below.* 



Pionin (V) 

[Gl(Ac)« » tetraacetylglucoayl group; Gl - glucoayl group.] 

• General references: E. F. and E. F. Armstrong, “The Glyrosides;” Longmans, 
Green and Company, New York (1931); J. J. L. van Rijn and IT Dieterle, “Dip 
Glycoside;" GebrOder Borntraeger, 2nd Ed., Berlin (1931); G. Klein, “ITandbueli 
der Pflanzenanalyse*," J. Springer, Vienna (1932). 

4 K. P. Link, »n “Organic Chemistry," p. 1315; Editor. 11. Gilman, 2nd Ed., 
John Wiley and Hons, New York (1943) ; E. F. and K. F. Armstrong, “The Glycosides;” 
Longmans, Green and Company, New York (1031); R. Robinson, /for., 57/1, 85 (1934) 

4 R. Robinson and A R. Todd, «/. Chum. Soc., 2488 (1932). For a discussion of the 
structure ot llav>lium chlorides of the type of V, see R. L. Shriner and R. B. Moffett, 
J. Am. Cham, She;., 85, 1694 (1941). 
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Quercitrin, u flavonol glycoside from the berk of certain oak treoH is used 
far the preparation of whamnose (see under this sugar), ft has the 
structure: 



Quercitrin 


The aglycon is known as quercitin. A number of natural glycosides yield 
qucrcitin derivatives on hydrolysis. Thus, xanthorhamnin obtained from 
the ripe fruit of Hhatnnus infectoria yields one mole of rhamnctin, two moles 
of L-rhanmose and one of D-galaetose. Ithamnetin is the 7-melhyl ether of 
qucrcitin. (ilycosidcs of the 3 '-methyl ether of qucrcitin, isorhamnetin 
glycosides, also an* naturally occurring. From crocus pollen, the 3,4'- 
diglucoside of isorhamnetin has been isolated.' Rhumnazin is the 3',7- 
dimethyl ether. 

Some of the uhovc and similar compounds exhibit a powerful influence 
on the sexual processes of tlie green alga Chlamydomonas. Thus the glueoside 
from crocus pollen (see above) in dilutions as low as 1 mg. in G X 10' ml. 
of water (about 80 molecules per (*ell) immobilizes the gametes of the alga, 
and the cilia (bop off. The yellow aglycon acts on the bisexual cells and 
imparts to them the property of being able to conjugate only after the 
addition of male gametes.' 

One of tlie flavanonc glycosides, hesperidin, has been shown to be identi 
cal with vitamin P, which is concerned with the regulation of capillary 
permeability and fragility. 1 The glycoside is found in the peels of citrus 
fruits and on hydrolysis yields one mole each of glurose, rhamnose and the 
aglycon hespeiitin. The sugar units in the hesperidin are united in diRae- 
charide fashion to form G- (fl-L-rhamnosyl l-D-glucosc (nitiuose), and the 
hesperidin is hespeiitin /3-rutinosidc.* Tlie flavanone exists in equilibrium 
with its cholrone isomer, the chalcone being formed in alkaline solution and 
the hesperidin existing is acid solution. 

• Bee: R. Kuhn end Associates, Ber., 77, 106, 202, 211 (1944). 

1 R. Kuhn, F. Moewus and I. L6w, Ber., 77, 219 (1944). 

' C. Z. Wawra and J. L. Webb, Science, 96 , 302 (1942) ; A. Bient-GyOrgyi, X. physiol. 
Chan., m, 129 (1938). 

• G. ZempMn and A, K. Tettamanti, Ber., 71, 2511 (1938); G. ZemplCn and R. 
Bogndr, Ber., 76 , 778 (1948). 
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Hcaperidin Heflperidiu rhalcone 


The rhalcone (tikes up hydrogen jeadily and the reduced form loses hydro- 
gem whim shaken in air. The reduced chalcone also gives up hydrogen to 
the well known oxidation-reduction coenzymes (see Cozymasc) and prob- 
ably plays such u role in biological systems. 

The hesperidin frequently is accompanied by .'mother glycoside! erio- 
dictyol glycoside. This substance has l>cen shown to hi' closely related to 
licspcridin. The methoxyl group (sen* above* formula) is replaced by a 
hydroxyl group, and the sugar component is L-rlminnose rather than 
nitinoM 1 . 111 

The glycoside rutin, 3- (3, 6, 7, 3' , i'-pciitahydroxyflttvone) rutinoside f 
causes a decrease in capillary fragility in a manner resembling hesperidin. 11 


2. Indican 


lit addition to the anthorynnins, another important source of dyes is the 
naturally ocnnring indiran which on hydrolysis yields indoxyl and glucose. 
The indoxyl upon oxidation is converted to the dye indigo. The preparation 
of indigo Irom plants involves the extraction of the* glucosidc, itsonzjTnic 
hydrolysis by microorganisms and the oxidation of the indoxyl to indigo 
by air. The synthesis by Kolx»rtM)n li of indican, illustrated liclou, furnishes 



TitroaealyL- 

glucoiyl 

bromidi 



OGL |Ac) 4 
COgGH) 


KOH 




0GL(Ag)4 

Nb 0 Ac 
9 IAe)fO 
IBD* C 
l-COil 



OQI 

COOK 


Indican 

(01(Ac) 4 * totraacetylglucoayl group; G1 - glucosyl group.) 


10 A. M after, /. physiol. Chem ., fT4, 109 (1942). 

11 J. Q. (iriffilh, Jr., J. F. Couch and M. A. Lindauor, Pror. Hoc. Exptl. Biol. Med. { 
55 1 m (1944). 

11 A. Robertson, J. Chem 5oc., 1937 (1927). 
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the final evidence needed for the structural determination and demon- 
strates the glycoside to be 3-hydroxyindole fl-D-glucosido. 

Normal metabolism of tryptophan in animals leads to the production of 
indoxyl glucuronides (and sulfate) in the urine. 8 

3. Aglycons Related to Phenanthrene 

A. Cardiac glycosides. 1 * 1 These* glycosides are of eonsiderable medical 
interest beeuuhP ot their stiinulatoiy action on the heart. Rome of the 
many plant families in which the* presence of these glycosides has been 
demonstrated an': Lilia ceae, Ranunculaceae, Rcrophularioceae and Apocy- 
naccae. The most important sources an* attain sixties of Strophanthus and 
Digital™ (foxglove), the latter providing most of the drugs of therapeutic 
value. Many if not all of the cardiac glycosides have a dosuxysugar (rham- 
nosc, digit oxose or cymorose) us one of the component sugars and usually 
this sugar is attached directly to the* aglycon. The geneial formula of a 
cardiac glycoside may lx 4 expressed as follows: 14 

Aglycon- (de«*i j\y sugar) (glucose )«. 

Acids hydrolyze the linkage between the aglycon and the nilgai's in the 
cardiac glycosides, nnd di- and tri-saccharide*, can lx* isolated. It is stated 
that this linkage* is not hydrolyzed by the enzymes in the same plant, but 
instead only the glycosidic bonds 1 between the sugars are split. Many of the 



Scillaren A, Lana ta-glye aside C, 

Principal glyrosidr Glycoside from Digitalis lanata 

of Sctlla manlvna 


» R. C. Elderficld, Chcm. Revs., 17 , 187 (1935) ; A. Stoll, “The Cardiac Glycosides,” 
Pharm. Press, London (1937); W. 11 Strain in '‘Organic Chemistry,” p. 1427; Editor: 
II. Gilman, 2nd ed , John Wiley & Sons, New York (1943) ; L I«\ Fipser, “The Chem- 
istry of Natural Prmlurts Helnlcd to Phenunthrene,” p. 250, A C. S. Monograph 70, 
Reinhnld Publishing Corporation, New York (1937). 

14 A. Stoll and .1. Reuz, Enn/mohqia, 7, 302 (1039). 
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products which have been obtained from the above-mentioned plants are 
undoubtedly partially degraded due to the loss of glucose by ensymic action 
during the process of preparation. The structures of several typical cardiac 
glycosides and of the degradation products are given in the accompanying 
formulas. It will In* noted that the aglycons an* lactones all very similar 
in structure. The aglyeon ring structures are similar to those of the sterols, 
vitamin D, sex hormones, bile acids, neutral suponius and certain adrenal 
substances, all being derived from the hydrocarbon cyrlopeutanoperhy- 
dropbenunthrcnc. 

When administered to persons with impaired heart function, cardiac 
glycosides produce an increased intensity of heart lx>at and h decreased rate. 
Some of these glycosides have been used as arrow 7 poisons. 



O- CymaroBe-a-glucoM -n-glucuse 

Strophanthobioue 


Cymarin Btro phanthotriosc 
fc-Btroph anthin-ff 

A-Strophanthoeide from Strophanthu* 

kombi 

The influence of the nature of the glycosidie group of the strophanthidin 
glycosides on their liiologiral activity is illustrated in Table I. The mean 
lethal dose (cat assuy ) and the mean systolic dose (frog assay) for a numher 
of natural and synthetic glycosides are compared with those for the un- 
suhstitutod aglyeon (strophanthidin ). 11 It is of interest that thcglucoside 
and L-arabinoside are mom active than the natural product (the eymaro- 
side). 

There is some evidence that the true hormone of the adrenal cortex is u 
glycoside, and several synthetic glycosides of this type have been prepared . 11 
The desoxycorticostcrone glucomde is more soluble in water than the 

»F. C. Uhle and R. C. Elderfield, J. Org. Chan., 8, 162 (1043). 

11 W. B. Johnson, J. Am. Chan. Soc., 88 , 3238 (1B41). 
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aglyeons and exhibits full physiological activity in maintaining the life of 
adreualectomized rate. 17 Synthetic glucosides of choleutanol and epi- 
choleatanol 11 and the methyl eaters of several sterol galacturonides 1 ' arc 
reported. 

Tlie Solatium alkaloids, occurring in species of Solumim, including po- 
tatoes, “Dead Sea Apple 1 ' and “poro-poro,” also contain the sterol nucleus 
and exist as glycosides. 10 On hydrolysis, a nitrogen base and cipiim circular 
quantities of li-rliamnose, n-g&lactose and n-glurose are produced. Partial 
hydrolysiH produces first rhomnose, then galactose and finally glucose. 
Kolanine, from potato sprouts, iH given the following abbreviated formula: 

CjtHuN -0 -glucose-gal actose-rhamnosc 


Table I 

Biological Activity of Strophanthidin Glycosides 



Mean Lethal Dose 

Mean Systolic Dose 

SubsUncr 

(cat asaiyj 
(mirrograau/kg.) 

(frog way) 
(micrograms/kR.J 

Strophanthidin 

306.2 

2 71 

Strophanthidin jS-glucoaiile 

91 3 

0 583 

Strophanthidin jS-glucosidc tetraacetate 

1166 

18.77 

Strophanthidin 0-xyloside 

100.5 

0.64 

Strophanthidin /S-xyloaido triacetate 

591.6 

8.07 

Strophanthidin L-ara bin wide 

94.5 

0.308 

Strophanthidin i.-arabinwide triacetate 

1230 

6.33 

Strophanthidin 0-galoctosidc tetraacetate 

1692 

11.20 

Strophanthidin cymarosido (cymarin) 

110. 1 

0.60 


The some trisaccharide seems to be unique to the Solatium species, and is 
found in the other Solatium alkaloids. It is probably connected by a glyco- 
sidic linkage to a hydroxyl at carbon 3 of the sterol nucleus. 

B, Saponins. 11 The saponins arc an important class of glycosides widely 
distributed in plants. Saponin solutions foam easily. Given intravenously 
they are poisonous and possess hemolytic action. They arc non-toxic, as a 
nile, when administered orally, probably because of lack of absorption from 

IT K. Mieschor, W. H. Fischer and Ch. Meystra, Help. (’Aim Acta, US, 40 (1042). 

11 R. P. LinBtead, J. Am. CKem. Soc., St, 1766 (1940). 

»• II. Bell and K. P. link, J. Biol. Chem., 115, 236 (1038). 

11 0. Oddo and O. Carolina, Btr., 67, 446 (1034) ; L. H Briggs, R. Newbold and 
N. E. Htaoe, J. Chem. Soc., 3 (1042); L. II. Briggs and J. J. Carroll, ibid., 17 (1042). 

*» W. H. Strain, in “Organic Chemistry,’’ p. 1464; Editor: H. Gilman, 2nd ed., 
John Wiley and Bona, New York (1043); L. Kofler, "Die Baponine," J. Springer, 
Vi enna. (1027) ; R. Tschesche, Ergeb. Physiol, 38, 66 (1936) ; L. F. Fieser, "The Chem- 
istry of Natural Products Related to Phenanthrene,” i> 317; A. C. 8. Monograph 70, 
Reinhnld Publishing Corporation, New York (1037). 
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the intestine. Their use as fish poisons depends on this fact, and fish which 
have been killed by the addition of plant extracts containing saponinsto 
fish-hearing waters may be safely consumed by humans. 

Two classes are recognized, the so-called neutral saponins (digitalis 
saponins), which have os aglycons substances derived from cyclopentano- 
perhydroplienanthrcnc, and the acid saponins, which have as aglycons 
substances related to 1 ,2,7-trimothylnaphthalenc. The aglycons arc called 
sapogenins. Most of the investigations have been devoted to the deter- 
mination of the structures of the neutral saponins. 

The provisional formula 2 - of a tvpiral neutral Huponin is that illustrated 
for sarsasaponin (parillin) from Radix sarm par iliac. 


H S C 



CHj 

I 

CH — CH 2 — CH 

I I 

0 CH 2 



(Glucoie , glucose, rhamnose) 


Sarsoioponm 


4. Substituted-Phenyl Glycosides 

Many substituted phenols im* found as the aglycons of naturally occur- 
ring glycosides. Arlmtin (hydroquinnne tf-D-ghicoside) and incth 3 r larbiitiii 
(p-methoxyphenvl 0-D-ghicnsido) art 1 extracted from the leaves of the 
bcarljcrry (Arctoxtaphylox m'a-um) anil frequently occur tugetlier in other 
plants particularly those of the family Ericaceae. The substances have l>cen 
sjmthesized by the reaction l)et\ioen the corresponding salt of the phenol 
and tetraacetylglucosyl halide. 2 " The leaves of certain varieties of Pyrus 
(pear family) turn black when they fall, but others assume an intermediate 
yellow color. These differences are believed to be due to variations in the 
urbutin and mclhylarhutin content, leaves with considerable amounts of 
arbutin form hydroquinunc by enzymic hydrolysis, and the hydroquinnne 
is then oxidized by the air directly to a black product. The hydroquinone 
methyl ether obtained from the methylarbutin oxidizes first In a transient 
yellow substance befon 1 the blark color develops. Arbutin has Ixen em- 
ployed in medicine for its internal antiseptic effect and its diuretic action. 

“ J. C. E. Kimpbou and W. A. Jacobs , liwl Vhrm , 100 , 573 (1035) ; S. N. Farmer 
and 0. Koji, J. Chvm. Hoc., 4J4 flfW7). 

11 A. Michael, Her , 14, 2007 (1881); C Mannich, Atch Pham , 260, 517 (1012) 
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Salicin is a glucoside found in willow hark (Salix) and in poplar hark 
(Populus). Particularly in the poplar bark, it is found accompanied by a 
second glucoside, populin. Salicin is o-hydroxymothylphcnyl /3-D-glucosMe, 
while populin is tlie G-lienzoyl derivative. 24 The salicin is hydrolyzed easily 
by enzymes in almond emulHin, but populin is unaffected. 3 * However, it is 
claimed that an enzyme present in Populiu moniliftra hydrolyzes populin 
to salicin and benzoic arid. 31 These substances have had some medicinal 
application as remedies for fever and ncule rheumatism. 

5. Vanillin and Coumarin Glucosides 

Vanillin, the aromatic principle of vanilla extract, occurs in many plants 
os the glycoside and, in particular, in the vanilla Ih'iuu ( Vanilla plnnifolia 
Andrews) of commerce. The curing of the beans is essentially un enzymic 
hydrolysis with the formation of the free vanillin. The glucoside and related 
glucosides have l>een synthesized, 27 and the vanillin /S-D-glucoside is tlie 
most easily hydrolyzed of all the glycosides cleaved by almond emuMn. 
An old but non lit lie-used method fur the production of vanillin depends 
on the oxidation of the glurosidc, coniferin, which occurs in the sap of 
fir trees. 



o-c 6 H„o B 


Coniferin 


HC-0 



HC-0 



OH 


+ GIU60M 


Vanillin Vanillin 

0 glucoside 
(Glucovanillin) 


It is usually considered that the aromatic principle coumann which is 
found in many plants occurs as the ftlucnside. Since it has no free hydroxyl, 
it is probably present in the plant ns the glucoside of o-coumnric arid which 
isomcrizes into the cm iorm, couniarinic acid, mid then to the lactone 
coumarin. The principal natural source of the coumarin is the tonka bean 
{IHpteryi oppositifolia Willd.). 

u P. Piria, Ann 66, 35 (1 Wo) ; X. K. Riclitinyer and E. Ycakel, J.Am. ('hem. Hoe., 
66, 2405 (1934). 

« W. W. Pigman and X. K. Richtmycr, J. Am. Chem. Hoc., 04 , 374 (1942). 

11 T. Woevrrs, Koninkl. Akad. Witenwhappen Amsterdam, 12 , 103 (1909). 

17 See: B. ITclferich, If. E. Hehciber, R. Strecck and F. Voreatz, Ann., 61 S, 211 
(1035). 
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Or Or Or- 

c— c c*c c=-c 

H| HI H H 

COOH COOH 



o-Couniarir 

acid 

glucosidc 


I’-Couinanr 

acid 

(trains isomer) 


Couinanmr Couinaini 
acid 

fri« isomer) 


Tlio glucoside ol the o-eoumarie acid (melilotin) has been isolated** from 
flowers of Mililotuh nltinsimu and has also l>eeii synt liesized . 2,> (ilycosides ol 
hydroxyl- and inetho\y1-substitu1ed roumuriu are also widely distribute d ,0 


6. Cyanogenetic Glycosides 

One of the euihesl known glycosides is omygdalin, (he etleetive principle 
of “oil of bittei almonds. 1 ’ Most plants lielonging to Rusnrene fnprieot. 
I frpt&areU Igciilinhif »sv I bromide 

4 I»,I (Ml CH(OH> nXH’jIli -TKis^Snssi, * 

rotation 

OCOCiU 11 oo -Nil H 

I l I ! 
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Amygdalin 

» C. Charaux, Bull. soc. chim. tool., 7 , 1056 (1025). 

*■ B. Helferich and H. Lutsmann, Ann., 557, 11 (1039). 

J0 E. F. and K. F. Armstrong, 11 The Glyoomdea, 9 ’ p. 19; Longmans, Green 
Company, Now York (1931). 
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bitter almond, pliun, peach, etc.) contain considerable quantities of thr 
glycoside or other cyanogenetic glycosides in the kernels, leaves and woody 
portions. Acid or enzymic hydrolysis converts amygdalin to one mole each 
of benzaldehyde and hydrogen cyanide and two moles of glucose. The 
enzymic hydrolysis of amygdalin is of particular interest because it was 
one of the earliest-observed instances of enzymic action. 11 The responsible 
substance was named “emulsin, M a term now suggested for mixtures of 
enzymes (sec p. 475). 

Since the amygdalin may l>c synthesized* from heptaocetylgentiobiosyl 
bromide and ethyl D ; L-mandelat/e by the procedure outlined (p. 468), the 
glycoside is undoubtedly D(levo)-mandelonitrilc jS-D-gcntiobioside. 1 * 

The enzymic hydrolysis by almond emulsin O-glucosidase component) re- 
quires the pjipliminiLry liydrolysis of the gentiobiosc into glueose and 
mandelonitrile jtf-D-glucoside before the aglycnn p imp is removed/ 4 but the 
hydrolysis by other enzymes may follow a different course. 

It is rimmed lliat yeast extracts will hydrolyze amygdalin to man- 
delonitrile 0-ghieosidc which is identical with the glueoside pnmasin found 
in wild cherry bark (Pn tnvs «r wtinu). A glueoside isomeric with prunasin 
and called sambunigrin is found in elder leaves {Sambucus niger). These 
gliicusides differ only in the nature of the aglycon group; that for prunasin 
is D(levo)-mandelonitrile 0-glu coside whereas that for sambunigrin is i.(dex- 
tro)-mandelonitrile d-glucosidc. In alkaline solution these two isomeric* 
glucosides are roccmizcd to a mixture of the two which is called prulaiirasin." 
The synthesis of these substances from the synthetic ethyl mamlclates and 
tot ranee tylglucosyl bromide lias |>een accomplished. 5 * 

7. Hydroxyanthraquinone Glycosides 

These important substances are found in many plant materials, and tin* 
aglycons have had consiclerable value as dyestuffs. Rulx'rythric acid, the 
principal eo istituent of madder (the giuuudroot of It ulna tinctoria), is 
hydrolyzed by the enzymes of Primula officinalis and P. vulgaris emulsin to 
alizarin (1 , 2-dihydroxyant hroquin one ) and primeverose (6-D-glucose $- 
xyloside). Since methylation of the ruberythrie acid and acid hydrolysis 
yields alizarin 1 -methyl ether, the glycoside is 2-qlizariu jS-D-primevero- 
side.* 7 This structure has received a final proof in the synthesis of the 
glycoside from alizarin and hcxoacetylprinicvercfeyl bromide in nn aqueous 

11 F. Wohler and J. Liebig, Ami , 1 (1837). 

* R. Campbell and W. N. Haw orth, J . Chem. Sue., 1337 (1921); G. Zempldn and 
A. Kune, Her., 57, 1367 (1024); It. Kuhn and II. Hobotka, ibid., 57, 1707 (1924). 

* For the configuration of mandelio acid see: K. Freud cnberg et a/., Her., 66 , 108 
(1923). 

M It. Weidenhagcn, Ergeb. Entymforsek., 1 , 197 (1932). 

14 Sec: It. ,T. Caldwell and 8 L. Courtauld, J . Chem. Soe., W, 006, 071 0907). 

* K. Fischer and M. Bergmann, Her., 60, 1047 (1917), 

» D. Richter, /. Chm. 8oe. t 1701 (1936). 
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acetone-KOH solution. 88 Other glycosides present in madder arc : purpurin 
(1 ^^-trihydroxyanthraquinone n-glucoside) and ruhiodin glucoside 89 
(3-(l ,3-dihydroxy-2-raothylantliiaqiiinunc) D-glucoside). The presence of 
these glucosides along with the rubcrythric acid in madder is the probable 
explanation for the well-known color difference between the natural and 
the synthetic alizarin. 

8. Sugar Components of Natural Plant Glycosides 

The most frequently encountered sugar component of glycosidrs is d- 
glurose, but practically all of the naturally occurring sugars are found in 
plant glycosides. Peculiarly enough, three of the most common sugars 
(D-galactose, D-mannose and D-fru close) are only rarely encountered. 
Galactose is reported to occur in certain saponins and trisaccharide glyco- 
sides (robinose and rhamninose). A mannoside is fouml in some sea weeds. 
Fructose is reported to lx 1 the sugar of certain saponins. In contrast, the 
(J-desoxy-L-mannosides and 0-desoxy-D and L-galactosides (L-rhamnosides 
and u-and L-fueosides) am often found in plant products. Of the pentoses, 
L-arabinose and i>-xylo.se arc 1 frequent and D-arabinose infrequent ennstit- 
uents of glycosides, fllucuroniiles also an* mported. 

In addition to the sugars mentioned, a group of desoxysugurs and 
branehed-ehain sugars is found as constituents of the digitalis glycosides. 
Digitoxose is 2,(i-did( fe soxy-i>-iilloHp. 4b The designation of digitulo.se 1 as a 
2-methy]-fi-deyoxyliexi>se has been questioned, and it is more* probably 
S-methyl-D-furose . 41 Similar ram sugars, rvmarose and sarmentose obtained 
hy the hydrolysis of certain strophanthidin glycosides, are believed 12 to lx 1 
2 , ()-didehOxy-3-methyllicxoses. Cymarosc lias Ixsm fuiiher identified 48 as 
2 , fi-rliriesoxy-tt-met hylullose O-methyldigitoxose ). 
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” G. Zcmpl^D and It. Hogttiir, tier., 72, 013 (1039). 

” E. T. Janos and A. Roberta on, J, C 'hem, fioc., 1699 (1930). 

49 F. Mirheel, Her., 63, 347 (1930); B. laelin and T. lleirhstein, Hclv. Chim. Ada , 
27 , 1203 (1944). 

«F. G. Young, Jr., and 11. C. Eldcrfield, /. Org . Chem., 7, 211 (1942); O. Th. 
Schmidt and E. Wernicke, Ann., 656, 179 (1944). 

« W. A. Jacobs and N. M. Bigelow, J. Biol. Chcm M, 365 (1932). 

«R. C. Elderfield, J. Biol. Chem Ill, 527 (1935). 
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What is apparently the enantimorph of oleondroge hus l)een synthesised 
from 3-metliyl-D-glucosc. 44 Hence, olcandrose appears to be a 2-desoxy-3- 
methyl-L-rhamnose (« 2 , 6-didesoxy-3-methyl-L-glucose ). This sugar and 
diginose (of unknown structure) have been isolated from cardiac glycosides. 

A sugar interesting because of its unusual branched-chain structure is 
apiose, which occurs conjugated with the 5,7,4 '-trihydroxyflavonc as the 
glycoside apiin in the leaves and seed of parsley. The only oilier branched- 
chain sugars known arc hamamelose and a component of streptomycin. 
The structure of apiose is shown by the reduction of apionic acid with 
phosphorus and hydrogrn iodide 1 to 3-methylbutyric acid. 48 The single 
asymmetric carbon of apiose probably has the configuration of D-(levo)- 
loctic acid. 

IIO Gils 

Of Oil) — CH(OH)— CHO - B a(l0)1 > » ( CHi)i C'll — CHj — CO OH 

I 

nocu. 

Apiose 

In the plant materials from whirh the glycosides are obtained by extrac- 
tion, the corresponding enzymes an* often to lie found. If care is not taken 
to destroy the enzyme, hydrolysis of the glycoside may take place and 
erroneous conclusions be drawn concerning tlic sugars present. Hydrolysis 
is prevented by rapid heating of the aqueous or alcoholic solutions to the 
boiling temperature. Bemuse thin precaution has not always been taken, 
many reported monosaccharide constituents may really lie disaerharides or 
tri saccharides. In many instances it iH known that the sugar portion of the 
glycoside is u di- or trisaccharide. In other instances an oligosaccharide 
structure is assumed if several molecules of a sugar aie formed lrom a single 
mole of the glycoside although, if the aglycon is a polyhydroxyphenul, the 
glycoside may lie a di- or triglycoside. The structures of some di- and tri- 
soerharides found as constituents of glycosides are described in the chapter 
on oligosaccharides. 

The naturally occurring glueosidcs have almost exclusively tlie beta 
configuration for (he glueosidie carbon and as a result are levorotatory. 
Dextrorotating phillyrin from Fom/thia smpenm and Olca frayrans is be- 
lieved 48 to be an a-D-glucoside, for it is hydrolyzed by yeast a-glucosidasc 
and not by almond emulsin. Alkyl glycosides an 1 rare, but the ethyl ra-D- 
galactosidc has lieen obtained 47 by the extraction of the phosphatides of 
yellow swwt lupines; florid oside, a crystalline glycoside found in red algae 
( Florideac ), is considered to lx* 2-glycerol a-D-gnlactoside . 48 Methyl /9 -d- 

44 E. ViBcher and T. lleirhatcin, Ilelv. Clrim. Aria, £7, 1332 (1244). 

41 0. Th. Schmidt, Ann., 488, 115 (1030). 

41 F. Kollo and T. Hjerlow, Pharm. Zzntr ., 71 , 705 (1930). 

47 E. Nottbohm and F. Mayer, VoTTaUpflege u. Lebensmiti elf orach . , 1 , 243 (1938). 

41 H. Colin, Bull boc. chim [5] 4, 277 (1937). 
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glueoside has lx^on isolated from the fresh leaves ot Scabiosa suc- 
cim.* 1 * A D-glyrcrie arid nt-mannoaide occurs in algae of the genua Poly- 
xiplt»nia. w 


9. Thioglycosides and thiosugars* 1 

Hlack mustard ( Brass tea nigra Koch) contains a glueoside, siiiigrin, 
w hicli is hydrolyzed by enzymes present in the plant to ally! isothiocyannte. 
potassium hydrogi k n sulfate and glucose. The presence ol this glueoside 
explains the ml or ol idly] iso thiocyanate which develops when the seed is 
bruised and moistened. Veeonling to J. ( hulamer, the structure is : 

OHOjK 

c H=rn cii, N=r -s i (%H|, o.i 

Ahnoiid einulsui does not hvdrulyze the glueoside, Init mustard seed 
emulsin contains an enzyme, my rosin, which catalyzes the hydrolysis. It 
seems probable that the linkage is beta and indeed enzymie hydrolysis 
produces 0-glucose llnuexrr, siher nitrate and sihei carbonate produce 
ti-glucose, presumably as a lesult of a Walden iu\ersion.* , “ The hvdrolytie 
action of sodium hydroxide leads to thiols (1-thiosugarsl 

Many of the plants ol ('rnnjnm pi o< luce Hiiignn and other siiltui 
containing glycosides 'Hiese compounds comprise the so-called mustard-oil 
glycosides and are desmljed in more detail elsewhere. 1 * 1 

Synthetic thiogliicosides air prepuivd by the aetion ol thiophcnol on 
acelylglycosyl bromides in the presence ol sodium hydi oxide. 11 M They 
are extremely resistant to acid hydrolyse, and this resistance probably 
expluins the luck ol hydrolysis by almond emulsin W M Hv treatment oi 
sugar mercaptals with mereurie chloride, tliioglyrosirles also may 1 m* 
synthesized (see p. 195). 

finsnu lie sun 

i UkW | 

lit OH H(OH O 

l 

Many aromatic J-thinglucosides have lieen tested as antimuluriuls. Some 

»L \ Wall ii-/ , Ch phi .!&«/., /0, 32*4 (1925) 

b0 II Colin and J. Aagior, Cumpt trad &U8, 1450 (1039;. 

41 For rcviewH Bee: J. Gadamcr, Arch. Phann 286, 4 A (1K07); H. Will and W 
Khmer, Ann , H6, 267 (1803); A L Raymond Advances in Carbohf/diate Vhem , / 
129 (1945; 

“ W. Schneider, II. Fischer and W. Npeclil, Her 08, 27B7 (1930). 

M K. Fincher and K Delhriiek, Her., 48, 1476 (19091 ; G. H. Putvqp, J. Am. Chen i 
»Snc. v 61 , 3627 (1929). 

04 W. Schneider, J. Sepp and O. Stiehlor, Ber., 61, 220 (1918). 

M W. W. Pigman, J. Research Nall. Bur. Standard*, 88, 197 (1941). 
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show a slight positive action, but the effect is loo small to be of 
value. 16 

Tlie sulfur analogs of the sugars are known as tlnusugars. 67 Wher the 
sulfur replaces the oxygen of the anomcric hydroxyl (hydroxyl of carbon 1 
of the uldoses), the compounds are sometimes distinguished as thioses, e.g., 
glucothiose ami cellobiothiose. In addition to tlie thioglueoniiles discussed 
above, the only naturally occurring derivative of a thiosugar is the 5-thio* 
methylribose reported to occur, combined with adenosine, in yeast extracts 
(see under Nucleosides). 

The 1-thioglucose is obtained by tlie alkaline hydrolysis of thioghicosides, 
and glucose 1-thiourethanes, 1-xant hates and 1-lliio esters. 171 * 



I 0 

HCOAr 

I 


KS—CB— OC«Hi 


HC — 6 — PS -OCMI, 

! ! 

HOOAc 0 

I I 


NaOr^i, 


HC- 8H 

i ! 

HCOH 0 


A 3-thioglucosc has also been synthesized from the 3-glurose xanthate. 56 
R - H - groups may l>e introduced into sugars by the addition of mcrcaptans 
to epoxy derivatives (see Inner Ethel*). By analogy with the well known 
intercouveraon of cystcin and cystine, disulfide derivatives an* readily 
formed from the thioses and ore the usual products obtained by the alkaline 
hydrolysis of thioghicosides. The following series of intereonvorsions have 
lieen carried out for the xylose derivatives. 60 


I 

HCHr 

a | o 

HPOAi' 


KOCH , 

"mBTB" 


r — ] r~ 

CH— 8- 8-HC 

I ll 

Ut'OAr 0 HCOAr, O 

I I I I 


T ptrawel yl xyl oh vl 
bromide 


0 

CHr-dW 


(Ae) sO F NaOAc 


NH, 
CH 35H 


CH — 8—8 


HCOH O 


-HC 

I 

ncoH o 


Dixylueyl disulfide 


ArSCH 

| — KOCdJi^ 

HOOAc I 

I I 


K8CH 

I I 

HCOH 0 


H E. M. Montgomery, N. K. Jlichtmyer and C. S. Hudson, J Org. Chm., 11, 
301 (1040). 

" W. Schneider, E. Oilie and K Eiafeld, Ber., 61 , 1244 (1928). 

•• F. Wrede, Bet., S$, 1750 (1919) ; K. Schwenk and M. Gehrke, IT. S. Patent 2,088,- 
009. April 28, 1936. 

" K. Freudenberg and A. Wolf, Ber., 60 , 232 (1927 1. 

M M. CUoke and W. Kohler, Ber., 64, 2896 0031). 



474 


CHEMISTRY OF THE CARBOHYDRATES 


Reduction of octaacetyldiglucosyl disulfide using Raney nickel gives 
tetraacetylpolygalitol (1 , 5-nnhydrosorbitol ) . 

The tosyloxy groups esterified w ith primary hydroxyls con be replaced by 
thiocyanate groups, and the resulting ostein converted to disulfides in which 
two Hugar molecules are connected by a disulfide linkage between the 
primary alcoholic 1 groups. 61 


1 

0 

1 

0 

1 



l 

0 

i 

1 

0 

1 

HC — ' 

1 

n< j- 

CH.ONa 

HC 

HC 1 — * 

1 


CHjOTs (HiHl’N CIIi— 8— 43— CH, 


10. Streptomycin 1 " 11 

Streptomycin, on important antibiotic, was first prepared as a crude 
concentrate by Waksman and coworkers from cultures of Shrptomycea 
griscus, a soil organism. It is a glycoside of a unique type: a substi- 
tuted t-inositol a-glyeoside. The I'-inositol carried two guanido (NIli-C: 
NTT -Nil-) groups, and the monosaccharide units of the disoccliaridc are 
N-metliyl-n- glucosamine and a hranched-chain hexose with two aldehyde 
groups. The formula is given below; the configuration of the brunrhed-ehuin 
hexose has not been defined completely, but appears to be that of L-ribose 
or L-lyxose. 


ROC(II) 

I 

o ecu) — 
I 

IIOCCHO 

I 

CII 

I 

CH, 


<>— J„ —OU 

I ' I 

| Oil: Nil Oil 

I 

O ITO Oil 

I 

1IOOU 

I 

Oil 


It ■= i 3,5 digu&iiidn- 
2,4 O-trihydroxyryclnhovyl 


ClIjOIL 

Streptomycin 

GLY COS1 DASES 82 

1. Introduction and Classification 

Many materials of biological origin contain enzymes capable of catalyzing 
the hydrolysis of naturally occurring glycosides and oligosaccharides. These* 

11 A. Mtiller and A Wilhelms, Bcr. t 74, 698 (1941). 

,ta For a review of the subject and detailed refcicnees see 1{. U. ]^enueu\ and M. 
L. Wolfrom, Adrancen in Carbohydratr Chemutry, H, 337 (1947). 

"A considerable amount of tbo material in this part has appeared elsewhere: 
W W. Pigman, Advances in Enzymalogy t 4, 41 fl944). 
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enzymes usually are associated with their substrates, and to obtain the 
latter it is necessary to destroy the enzymes before hydrolyse takeR place. 
Enzymes which hydrolyze glycosides and oligosaccharides are know a as 
glycosiilascs; those which hydrolyze polysaccharides ore known as polysac- 
charidases. As is also true for the substrnteH, no sharp distinction can be 
drawn between the glycoaidasoH and the polysacchariduscs and it is possible 
that each group of enzymes may exhibit some but usually slight action on 
the subHtrates of the other group. ThuH, fi-frurtofuranosidaae (invertase) 
may hydrolyze inulin os well as its natural substrate sucrose since both 
compounds have 0-fructofuronosidic linkages. The glycosidascB and puly- 
saccharidases comprise the carbohydrases. Polysarcharidases are discussed 
under the corresponding polysaccharides. (See under Starch, Cellulose, etc.) 

From the historical standpoint the glycosidnHCs are of particular interest 
since they were the first enzymes to Ik* known. Planche (L810, 1820) showed 
that the extracts of certain plants 'will cause guaiacum tincture to becume 
blue, ft was then demonstrated that extracts of the bitter almond hydrolyze 
the glycoside amygdalin also found in the bitter almond (Robiquct and 
ftoutron-Chalard, 1830). The active principle of the bitter almond was 
further investigated and named emulsin (Liebig and Wohler, 1837; Robi- 
quct, 1838). Although u diastase in germinated hurley was described in 1815 
by KirchufT, salivary amylase by Leuehs in 1831, and other cereal diastases 
in 1833 (Payeu and Persoz), the first of the proteases (pepsin) was not 
reported until 183(1 by tSchuann. 

The glyeosidascs arc not of great industrial importance at present al- 
though the polysaccharidnscs arc of the utmost interest from this stand- 
point. The amylases play important roles in the fermentation and baking 
industries and are of considerable biological importance. Other polysac- 
chariditses such as celluloses and inulases are of considerable potential im- 
portance, for the corresponding polysaccharides are widely distributed. Of 
the glyeosidascs, jS-fructofuranosidase or invertase, which hydrolyzes 
sucrose, is the most important although a-glucosidase (maltose) should be 
of considerable interest because of the rommou occurrence of maltose in 
commercial products. Most of the research carried out with these enzymes 
has centered around the amylases, the /f-glucosidase and other enzymes of 
almond emulsin, and yeast invertase. The glycosidases provide excellent 
enzymes for specificity si udies since the number of RubstratcB which may be 
synthesized is practically limitless and since the compounds are well defined, 
easily prepared and usually crystalline. Although the gtycosidases offer these 
advantages to the investigator, studies in this field suffer from the lark uf 
purity of the enzymeH and particularly in not having crystalline enzymes. 

Tlie historical name "emulsin” us applied to the active principle of the 
preparation from almonds has gradually assumed the meaning of a crude 
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mixture of glycosidoses from any source. Helferich and Vorsatz 8 * have* 
lined the term “emulsin” in this wow, but the definition has lieen broadened 
to inelude other enzymes. It is suggested that the partially purified enzyme 
mixtures obtained from seeds, mieroorganisms and animal organs and 
tissues be termed emulsins. Commercial “enzymes” an 1 known as emulsins 
according to this definition. Almoud cmulsin is a mixtiuv of enzymes pre- 
pared from almonds and not the fJ-glucosidnse therein. Commercial invert ase 
is a yeast emulsin and Tukodiastasc is an Aspergillus oryzae cmulsin. 

The individual glycosidases of the emulsins are named according to the 
u- or jtf-hexosidc which they hydrolyze, as a- or jtJ-hexotiidagcs. Thus, 
tf-glucosidascs (earlier emulsin or prunasin) catalyze the rleavage of 0-gluro- 
sides, and a-glucosidascs tlie cleavage of a-glucosides. 

A provisional classification 81 of the gLycosidases is presented in Table 11 
which lists the known types of carbohydrates and their substrates. The basis 
lor this classification is given elsewhere although Borne evidence is given 
late i in this chapter 

2. Mechanism of Action 

The most widely accepted theory of enzyme action is bused on the 
iormutinn ot nil intermediate compound or adsorption complex Ixdween 
enzyme and substrate (Brown, 1902; Henri, 1903). Since both eonreptions 
of the nature of the enzyme-substrate complex ean lead to the same kinetic 
equation^ the distinction seems unimportant at present. In the following 
development ol the kinetic equations, the original scheme of JUichacIis and 
Afenten (1913) will Is 1 followed and compound formation will lx* considered 
to take place. However, in later discussions, the process will lx* considered 
as a type* of adsorption. 

A. Kinetic Equations and Effect of Substrate Concentration. Jn order to 
de\elop the kinetic equations, consider the hydrolysis of a glueoside ON) 
by an eiiz.wne (K) to an alcohol or phenol (ROII) and glucose The reac- 
tions may lie represented: 

.s' -f- k «-* as (i i 

MS + 11,0 ->E 4 KOI! f Glnrow- (2) 

Since* a certain ])ortion oi both enzyme 1 and substrate alw ays is combined, 
the concentration ol free enzyme \E\ and substrate [S | at uny time is 
given by the following equations, when* the total enzyme concentration i- 
represented by “r” and the total substrate concentration by “A.” 

|iS v ] - |il| - \ES\ M) 

Iff I “ c - [ffff| (4j 

11 B HHferick ami F. Vorsatr, Z. physiol, Chen i., 297 , 254 (1035) ; W. W Pigman , 
J Research Natl. Bur i Standards, 30, 159 (1943). 

11 W. W. Pigman, J . Research Nall. Bur. Standards, SO, 257 (1943); Advances in 
Ensymalogy, 4, 41 (1944). 



GLYCOSIDUH AND QI-TCOBIDABEH 


477 


Tablb II 

Provnitmal Clasnfication of the Carbohydrate* 

*>«***» | f 0 n ^, , r , 

GlycosidasoB hydrolyzing simple glycosides and oligosaccharides 1 ’ 

tf-GlurnsidaseH | Kmulsin, rellobiases, 0-u-Glucosides, fJ-D-xylosides, 

gentiohiases, p runs sc, roll obi osc, genliobiose, j9-n- 

probably 0-glucuron- glucuronides (?) hcptosides 

1 isidases with 0-n-glucose configure- 

j tion (?) 

(v-Glucosirlascs j Maltoses, probably tre- ar-n-Glueosides, a n xylosides 

I halase* (?) , maltose, trehalose, and 

I probably Rurrose, hepto 

sides with ar-n-glurme con- 
I figuration (*) 

^-Gnlactosidasob , Lactases /9-o-Galactosides, a- l arah 

, inosidcs, ti-n-fu resides (?), 

lactose, hcptosides with |8- 
i» galactose configuration,/? 
i o-galacturonidcs (?) 

a Galartosidases | Meli biases a D-Galftrtosides, fi-h arabin- 

■ osidcn, « n-fucobideb (?), 

nielibiose, lieptosidcs with 
a-n-gal ariose configuration 

0-FructofurannsidaHrH nr i Su crane, bdcclianibc, (i h 0-Frurl ofuranoHides, sucrose, 


invert ases 

fruit uHidase 

possibly iuulin. 

a-Mannosi doses 

1 

a - o Mannosidos, cr-n-lyxo- 
piden, heptosides with or n* 
niaimose configuration 

0-Thi oglu c osi doses 

1 Myrosin 

0 Thioglucosules, thinwlo 
sides (M 

Nucleosidases 

i 

i 

\-Glj ensidea (>) (particularly 
n-ribose derivatives), nucle 
otddph 


Pol> saerhandnsofa 1 ' 

AmylaBes | Diastases Starches, glycogen 

Saccharifying aim laws J 0-Amylases of wheat, Unbranched chains of maltose 
(with but slight < barley, soybeans, etc residues 
liquefying powd) j 

■As far os known, the substance** followed by question marks have not been 
tested, at least not under sufficient^ drastic conditions to indipate “unhydrolyz- 
abilily.” The others huve been tested tor at least one meml>er of the cIohs, usually 
the corresponding enzyme of almond emulsiu. 

The list of substrates is not complete but it is intended to represent the more 
important types. 

b There is proliahly overlapping m the action oi the two main Masses ot oarbu- 
hydrases but, in general, the action ot the one gioup ot enzymes on Ihe ruIm! rates 
of the second class appears to be small and usually may be neglected. 
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Table 11— Continued 

| Other or older names I Suhalratei 11 

Enzyme dans lor members of dais I Substrates 


PolyBaccharidaBcB'’ 


Liquefying amylases 

Dcxtrogcnic amylases | 

1. With conaiderable 

Malt and certain other 1 Starch substances and prob- 

saccharifying 

cereal a-amylases; As ably glycogen 

ability 

per gill us ainylabcs 

2. With slight sac 

Pancreatic amylase, if a Stareh substances and prob- 

rharifying abil- 

cilhih macnans amyl ably glycogon. 

ity 

ase, Bacillus mesuitir- 


icus amylase, possibly 


salivary amylase 

Phosphoamy 1 asca 


1 . Phosphory loses of 

Starches and glyrogen by 

Hanes and C'ori 

prnrcsbcs involving phob- 


phorylation 

2 Disaggregating 

Starr hes arp broken by proe- 

amylase of Wald- 

css involving pliosphoryla 

bchmidt-Leitz 

lion into large inolerules. 

and Mayer 

(Existence is qucbtionable ) 

Inulaaes (possibly identi- 

Inulin and other poly-0-fruc- 

cal with invcrlascb) 

tofui&nosidcs 

Cellulases 

Cellulose and probably other 


poly-/9-glucosides 

Ilexnsanaaes, pento- j 

Cytasos, hcmicell- ilexosans, pentosans, etc. 

Banases, etr i 

ulascH 

Chitinascs 

("hit in and related substances 

Poetic enzymes i 

Pec lie substances. 

Protnpectinaseb > 

Uydrobze native peclins *« 

i 

situ to soluble pectins 


Pectinasoh I Pectins and polygalarturo- 

nulcs 

Prctase An cstciose b> drolyzing ester 

linkages of pectins and of 
estenficd polygalacturn 
I nides 


If [.S’] ib much greater than e (or [A\S]) ms ih usually the case : 

Itfl - U] (5) 

The equilibrium constant for Reaction (1) is given by : 



[A][.S1/[AS] = K m 

(0) 

or, 

\ES\ - [Em/Km 

(6)' 
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By substitution of Equation (4) in (6') : 

[155] - (e-l^iSJ) [-S1//T. 


Solving for the concentration of the enzyme-substrate compound, [&X] 

«[fll 


im • 


K m + m\ 


(7) 


If Equation (2) represents the rate-determining reaction, the velocity of the 
reaction is given by : 


v - k [ES] (8) 

In dilute solution, the water concentration remains constant and can lx* 
neglected. Substitution of Equation (7) in (8) gives: 


■C-[iS’| 

K m + [ 5 | 


If T r is the velocity when [»S* j is much larger than K m (i.r., at high substrate 
concentrations), then: , 


V ■ k't, and k = V/c (10) 

Equation (9), then becomes: 


or. 



( 11 ) 

( 12 ) 


K m , as may be seenfrum Equations (1) and (G), is the dissociation constant 
of the enzyme-substrate compound (KS) and has a characteristic value for 
each enzyme. It is known us the Michaelis constant, and the reciprocal 
1/ Km = K m , is termed the association constant. Equation (12) 1ms been 
used extensively for the calculation of enzymic dissociation constants, hut 
the method bos been much improved by Iincweavcr and Burk 85 who employ 
the reciprocal of Equation (1 1) for the calculation : 

1/v - (K./KI5J) + 1 /V (13) 

This equation is of the form y = or + b, where y =* 1/e, a = K m /V, 
x = 1/ [iS] and It = 1/V. The plot of l/v versus 1/ [S ] should yield a straight 
line with the y intercept as \/V and the slope as Km/V. The enzyme dis- 
sociation constant is determined by measurement of the initial velocity 

** H. Linewoaver and I). Burk, J. Am. Che m. Soc., SO, 658 (1984). 
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[k[S]) of decomposition of the substrate at different initial substrate 
concentrations. From the plot of l/v against 1/ [5], the dissociation con- 
stant K* is calculated. 

If the hydrolysis follows the first order equation, at least as a first ap- 
proximation, the velocity is given by r = fr' [S] f where k* is the observed 
“first -order* * conhtunt for each valitc of -1. Substituting thiR relation in 
Kquation M3), one finds: 


fl/irOr - K m + |5 1 ( 14 ) 

11 the reciprocal ol the* oifocrved first-order reaction constant is plotted 
against the initial substrate concentration \A ], for a nuinlier of experi- 



tic. 1 I J 1»1 ol concent l alum (A X 10M versus the reciprocal of the observed first 
order reaction roust ant (I/A) for the hydrolysis of isobutyl 0 gliicoside 
hv sueet almoml cinulsin 
(From Veibel and Lillelund.) 

nicnN curried out at various substrate concentrations, the intercept on the 
A (concentration) axis, gives — K m (see Fig. 1). 

This may lie seen bv making 1/fr' ■ 0, in equation (11), since then [S] « -K m 
U is obvious that 1/A' instead of (\/k')V may be employed since JIT* is determined 
under &urh conditions that both quantities are aero This equation is probably the 
most convenient form to use for the determination oi enzyme dissociation constants 
This form was tint suggested by Veibel but the development of the equation as 
given here is original. 

The dissociation constants for the hydrolysis of a series of alkyl 0-gluco- 
sides by the jS-glucoridase of almond emulsin have been measured by 
Veibel and Lillelund 07 and are given in Table III. 

M 8. Veibel, Knzymologia, 3, 147 (1037). 

17 8 Veibel and H. Lillelund, Z. physiol . Chem. f f IS, 63 (1038) 
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B. Mechanism. A mechanism'* for the aition uf tlu glycosidabcs is 
illustrated m Fig 2 This mechanism is based on the ranrept of the inters 
mediate formation of a compound or complex lie tween the ciuvme nd 
substrate and embodies the suggestion ol Eulei" that, in the i omul ion 

Tabi> III 

0i Mon niton Conslantifor thr Hydrolyttsof 0 Olucondrsby 8w et almond 0 Olvnwla\i 
fl Ghitoside Asa 


( II. 

0 62 

CHiClI, 

1 0 25 

rHitWU, 

0 lb 

( Hi(fHi)sC]Ii 

0 060 


0 025 

(CHO.CII 

1 0 10 

(H,(O.H,)CH flevo) 

1 0 04R 

UI,(C,II,)CU Cdextio) 

0 041 

(CIIO-C ITCH, 

0 017 

tCH,l,C 

i 46 

C,IU(l IWjC 

| 0 15 

ch, (C.ho.c 

| 0 079 

(CJI0.C- 

1 0 057 






HMcton IntermidMte 


ACTIVATtD STATES 

tin 2 Postulated mechanism for the ennmif h>drol)His of an alkvl gluroside 


ol the onzvme-bubstmte complex, ivso uieas ol the enz>me molecule Hie 
unoheH In the hguie these t^o areas aie lepiesented by the ovale It ie 

»W W Pigman, J Research A a tl Bur Standards , i7, 1 (1941), Advances in 
hntymoloijy , 4. 41 (1444) I 

11 U v baler, Z physiol Chem , U$ } 79 (1026). 
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assumed that the glycoside is adsorbed 7 " on these two areas, the ag)y- 
con group being taken up by area II and the sugar radical by area I. 
The area I exhibits extremely specific adsorption, but area II adsorbs many 
types of groups. 

As shown in the figure, tlie first stage of the reaction may take place 
with the udsorption of the glycoside on the two areas of tlie enzyme surface. 
Next, a molecule of water (or hydronium ion) adds to the glycoradie linkage. 
Cleavage of the glycotddic linkage then is assumed to take place with the 
formation of a complex consisting of enzyme, sugar and alcohol. Disso- 
ciation of the sugar and alcohol from the surface of the enzyme comprises 
the final stage of the reaction. 

According to this mechanism, the enzymic hydrolysis is Kimilar to the 
ucid hydrolysis, but through the formation of the intermediate complex, a 
preliminary activation of tlie substrate molecule takes place. The activation 
energy required in the second phase of the reaction, which corresponds to 
the reaction which takes place during acid hydrolysis, therefore is lowered. 
Thus, the activation energy for the acirl-catalyzed hydrolysis of methyl 
0-glueosidc is 32,010 cal. as compared with only 12,200 cal. for the enzyme 
catalyzed reaction. 71 The total urtivatinn energy may lie considered to be 
derived from two sources: (1) from the formation of the enzyme-substrate 
complex, and (2) from Ihe addition of the solvent or hydronium ion. During 
the period of combination of the enzyme and glycoside, which probably is 
very short, the translational nnd the vibrational energies of the substrate 
molecule are restricted and may be one source of energy during the prelimi- 
nary activation. The substrate molecule primarily is the source of this 
energy. However, activation may also result from molecular distortion or 
“straining” of the substrate molecule. Thus, it might be considered that in 
Ihe enzyme-substrate complex, the two components of tho glucoside would 
be kept further apart than corresponds to the normal equilibrium distance 
in the free glycoside. Also, if the two active areas on the enzyme move 
relative to one another, the substrate molocule would be “strained.” For 
such activation, the sourre of the necessary energy would be the thermal 
energy of the enzyme. 

The mechanism dcscrilicd in Fig. 2 will account in a quantitative or 
qualitative fashion for most of the characteristics of enzyme-cat alyzed 

,u The term adsorption is used in a very general sense, and the combination may 
take place through hydrogen and electrostatic bonds, van dor Waals forces and 
possibly even weak covalent bonds. As shown by Hitchrork, the saino kinetic 
equations result from consideration of the process as the formation of a rhomiral 
compound or as a simple adsorption (D. I. Hitchcock, J. Am. Chem. i Hoe., 48, 2870 
(1920). 

Tl S. Veibel and £. Frederikson, Kgl. Dantkc V identic ab. Seltkob, Maih.fys. Medd., 
18, No. 1 (1941). 
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reactions and will be used in the present chapter for this purpose. As previ- 
ously described, the Michaelis equation and its modifications usually 
account for the influence of glycoside concentration on the rate of reac Hon. 
The action of various substances such as sugars and alcohols in inhibiting 
the reaction also agrees with this mechanism, for they may be considered 
to compete with the substrate for the active areas of the enzyme. The 
effect of inhibitors may be written as : 

Glucouide 4 inhibitor 4 enzyme «=* glucoside-enzyme 4 inhibitor-enzyme 

Frequently, the inhibiting effect may be quantitatively accounted for by 
the calculation of the dissociation constant of the enzyme-inhibitor com- 
pound. The constant K r is obtained from studies of the influence of the 
concentration of the inhibitor on the reuction constant at various substrate 
concentrations. It is calculated by use of the equation: 

AVIA 

m ‘ “ (A’„ 4 hs’l)((*/*i) - 0) 

where 7 is flu* inhibitor concentration, and k and k t ore the observed reac- 
tion constants in the absence and in the presence* of the inhibitor. 72 The 
other terms have their usual meanings. Since the products of hydrolysis of 
glycosides often are inhibitors, the reaction constants calculated from the 
first -order equation may decrease somewhat during the reaction. 

In the development of the kinetic equations it was assumed that the 
concentration of the solvent (water) remains constant throughout the reac- 
tion. At high sulislrate concentrations, this is not true, however, and there 
is a deviation from the tlieoretical equations. In the case of the inversion 
of sucrose by yeast invertase, the effect of the sucrose* and water concen- 
tration was investigated by Nelson and Nrhulx>rt” who found that the 
velocity of hydrolysis increases with substrate concentration to about 5 per 
cent sucrose but thereafter decreases steadily. As shown by these investi- 
gators, however, the decrease* may be accounted for by the decrease in the 
water concentration os the sugar ronrentration increases. 

C. Influence of Hydrogen Ion Concentration. The enzymic hydrolysis of 
carbohydrates and derivatives is influenced markedly by the hydrogen ion 
concentration. There is an optimal region of pH, and at higher and lower 
voIuph the activity decreases. Fig. 3 gives the pH activity curves for the 
hydrolysis of sucrose, raflinose and inulin by purified yeast invertase. 74 

71 Sec. S Vcibol, Enii/moloyw, 3, 117 (1937). 

71 J M. Nelson and M. P Schubert. J. Am. Chem Hoc., BO, 21R8 (1928) 

71 M. Adams, N. K Hirhlinyer and C S. Hudson, J Am Chtm Soc , 38 , 1360 
(1943). 
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An explanation 71 for the influent* of the hydrogen ion eonrentration is 
that these enzymes are amphoteric and lhat only the undissociated molecule 
is catalytically active; on this basis, equations have been developed which 
express quantitatively tlie effect of the pH. This explanation also applies 
to tin' mechanism of Fig. 8. As another possible explanation, the effect 
may lx* considered to lx* due to the opposing influence of two factors. 
Thus, un the alkaline side of the catenary, the rate increases w ith increase 
of acidity. This liehavior would lie expected if hydrogen ion is a catalyst 
for the reaction. However, an opposing factor would tie the competition of 
hydrogen ions for the adsorbing groups in tlic active areas of (lie enzyme. 
At acidities on the alkaline side of the catenary, it would lir expected that, 
the dissociation constants would lx* essentially independent of the hydrogen 



Fiu 3. pH -Activity curves for the hydrolysis of sucrose, (circles), raffuiuse (filled 
rircles) and inulin (half-filled circles). 

ion concentration; on the acid side there would be a marked increase in the 
dissociation constants (less association). Unfortunately, there arc not 
sufficient good data to test this latter interpretation. 

Q. Measurement of Activity and Influence of Enzyme Concentration. 
As shown by Equation (D) (given earlier in this (’hapter), the initial 
velocity at -any fixed substrate concentration is directly proportional to the 
enzyme concentration. In general, the velocity constant calculated accord- 
ing to the first-order equation exhibits a similar relation as would lie ex- 
pected- because ii = k 0 h,. [*S’]. Table IV shows the results obtained for 
different concentrations (g) of Aspergillus niger emulsin with sucrose as 
the substrate. 71 Since the reaction constant often varies somewhat with the 
degree of hydrolysis, the extrapolated initial value should be UHrd or neveral 

71 1,. Michaelis and M. Rothatcin, Biochem. Z., 110, 217 (1920). 
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values over the range 30 to 50% hydrolysis should be averaged. The k/g 
ratio usually may he employed for the expression of enzyme activity under 
carefully specified experimental conditions. Wpidenliagen 7 * 1 ' 77 has sugge- ted 
a set of standard conditions which it wmdd seem well to adopt until more 
favorable conditions arc known. Tn general, he proposes the use of 0.1 38K M 
substrate solutions at the optimal pH and at SOT. The enzyme concern 
tralion is taken as the grams of emulsin or purr* enzyme present in 50 ml. 
of reaction mixture. Reaction constants calculated from the first -order 
equation over the interval 30 to -50 per cent hydrolysis an* uh d to calculate 
tlie activity from the relation : 

k 

H V ■» eiijsvino value *■ - 

<?• log 2 

Tlio enzyme* value thus obtained is the* reciprocal at the time loi 50 per 
rent hydrolysis under the given conditions and with one gram of (iiiulsin 
in 50 ml. For several of the important glyrosuiaxcs, the follow mg substances 


Tablb JV 

Jnfhnntt of Khz t/mi Court ntration on iht Itt action Constant 


* mukio Concentration 
(if 50 ml ) 

kxw ; 

( Kirst Order hquaLion) 

1 

b i X 10* 

0 J3S 

131 

300 

0 043S 

1 13 1 

300 

0 00871) 

•i 06 i 

300 

0 0013b 

1 00 

250 


have been selected as the standard sulistralcs; maltose lu-glucosidasc), 
saliein (d-glucosidase), melibiose fo-galactosidasc*). lactose fd-galucto- 
sidnse) and sucrose (invert asp). 

Idealise many substrates an* too insoluble tor the ‘"standard conditions’ 1 
to lie employed und lx cause many glycosides are available in only small 
quantities, it is eoiiinmii in specificity studies to use snmllc r cimeuil rations. 
Particularly, in the investigation ot the sjieeifieitv of jJ-glucnsidose. 0.052 M 
glucoside concentrations have 1 h en employed. The other experimental 
conditions are the same, however. The same lormula is used tor the* ealcn 
lation ol activily, which in this rase is called the in/yme ifTcirney oi 
“Wertigkcit.’ 1 

E. Temperature Influences. The rale of an luzymc-calalyzcd reaction 
increases as the tcmp.M'Htuie is raised above room temperature, hut, m 

71 W. W. Pigman, /. Research Natl Mui . jS Umdaidis, 30, 159 11943) 

<T H. Weiripiihajren, in f, Jlandburh der Enzvmologic*,” p. 538; Editors F F Vi»nl 
and R. Weidenhagen, Akadominche VorlapgezellBchaft , I^eipzig (1940). 
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contrast to ordinary chemical reactions, the rate roaches a maximum and 
finally falls off as the temperature continues to increase. This decrease in 
rate usually arises from the destruction of the enzyme at the higher temper- 
atures. Although “optimal temperatures” arc given in the literature for 
Rome enzymes, these temperatures are not true constants. They will vary 
according to the conditions employed, e.g., according to thp relative 
amounts of enzyme and substrate. 

In the region of the increase of reaction constants u ith increase of temper- 
ature, the rates of increase for the enzyme-catalyzed reactions are lem than 
thone for the corresponding acid-catalyzed reactions. This difference in 
rates is reflected by the smaller values for the activation energies for the 
reaction'! brought about by enzymes us compared with those catalyzed by 
acids. In Table V, the activation energies arc given™ for the hydrolysis of a 
numlier of fl-glucosides by the fJ-glucosida.se of almond emulsin. 

Tabi.u V 

Companion of Atlitvilum Encigtea foi the Hydrolysis of fl-Gluroitdi s by 0 Gluroaidaae 

and by Arid 

(Dal a t>[ Vribi'l and Frr-dmWn) 


0 (ilucoside 

Activation Energy (calonu/mole) 


Eiuymic Hydrolysis 

| Acidic Hydrolysis 

c\h o (ji 

12,200 

32,600 

cunmij-o- «i 

i 13,300 

32,400 

(culhi -o-r;i 

! 13.100 

32, 100 

(Cjio-ni o-Gi 

10,000 

31,500 

(vn w' o r<i 

20,000 

30,800 

(nurrriu-o-ui , 

, 20,000 

29,000 


The activation energies are calculated from the observed reaction rales 
at several temperatures by list* of the modified form of the integrated 
Arrhenius equation : 

Q- RT l T t (\ak l -\nh)/(T l - 1\) 

(0 = activation energy, 

ki and A, = reaction constants at tlic temperatures T\ and T*, 

R = gas constant) 

The activation energy may lx> pictured as the amount of energy required 
to bring one mole of moleculcB into a condition (“activated state”) such 
that decomposition into the reaction products ran take place. A possible 
mechanism for this action is discussed earlier in this chapter. 

” ft. Vribcl and PI Froderiksen, Kyi. Danube Vtdrnakab Sclakab , Math. fya. 
Medd., 19, no. 1 (1041). 
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3. Chemical Compositioii of Glycosidases 

Unfortunately, crystalline glycosidases are still unknown, but a highly 
purified 0-glucneidase and an invert ase (0-f ructofuranosidase ) have been 
described. 

A. jtf-Glucosidase. From almond emulsin, enzymes with a 0-glue osidase 
value as high as 16 have been prepared. (The ordinary almond emuMns 
have a value of 1 or less.) The properties of such preparations have been 
studied by Helferich and associates. 7 ' The elementary composition agrees 
with that of protein substances, but. the 1 hydrogen content is somewhat 
greater than usual. The protein nature of the material also agrees with the 
action of the anions of neutral salts on the enzymic activity since the order 
of activation by these anions is similar to the well known lyotropic scries. 
The inactivation of the enzyme by formaldehyde may also be due to its 
protein character. 

Against neutral reducing agents, the enzyme is quite 1 resistant, but 
oxidizing ugents destroy it rapidly. Hydrocyanic acid, hydrogen sulfide and 
glutathione have no destructive aetion, but ozone and osmium tetnndde 
us well as ultraviolet light bring about rapid inactivation. A quantitative 
investigation of the ozone inactivation gives an equivalent weight of 800 
to J100 for the enzyme. Since the absorption spectrum of the enzyme and 
the rate of inactivation by ozone arc similar to those for tryptophan, it is 
possible t hut this umino acid constitutes an important part of the enzyme 
structure. The destructive action of osmium tetroxide seems to be of a 
different character from tire action of ozone since it does not parallel the 
tryptophan destruction nnd since u considerable part of the activity of the 
oxidized enzyme may Ik* restored by reduction with hydrogen sulfide or 
cysteine. 

Even highly purified 0-glucnsidasc preparations contain 3 to 6% of 
carbohydrate material as estimated by the orrinol reaction, but there seems 
to be no direct correlation betw r pen the activity and the carbohydrate 
content. 1 " The eorbohydrate constituent is of particular interest since 
Hclferieh 81 has suggested thnl it may constitute the holding group (“Haft- 
s telle”) of the enzyme and lie responsible for the adsorption of the glycoside. 
In terms of the mechanism proposed earlier in tliis chapter, this suggestion 
means thal the very specific area (T) may consist of a carbohydrate group 
built into the protein structure. Adsorption of the sugar radical of a glyco- 
side then would lx 1 analogous to the deposition of molecules on seed nuclei 
in a supersaturated solution. Although such a vole for the carbohydrate 

11 H. llelferirh, Ergrb. Enaymforarh , 7, 98 (1038) 

B. llclfcrich and W. W. Pittman, Z. physiol. Chrm , 159, 263 (1030). 

"B. Hclferieh, W. Hiehtcr, and H. Grimier, Bti. Vrrhandt. sachs. Akad. Whs. 
Leipzig, Math, phys. Klasse, 89, 385 (1937). 
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would explain the marked influence of changes in the sugar radical of the 
glycoside on the rate of hydrolysis, the concept admittedly is without much 
experimental foundation. 

In view of the important role of dialyzable coenzymes in certuin enzyme 
systems, it is important to note that there is no evidence for a coenzyme 
playing a part in the hydrolysis of /3-glycosides. When solutions of purified 
/8-glucosidasr buffered at various pH’s between 2.75 and 10.35 are dialyzed, 
the activity of the solution remains the* same as that of a similar un- 
dialyzed solution. Although a decrease of activity takes place at the greater 
acidities and tdkalinities, this decrease is due to on irreversible destruction 
of the enzyme. In confirmation of this conclusion, the addition of material 
passing through the membrane or of boiled enzyme does not restore the 
activity. 81 The /3-glucosidasc activity is destroyed by treatment with 
diazomethane, with trypsin aud by acetylation. 1 " The enzyme is most stable 
at pH G to 7.5; lit pH 0.5 and 3.5, solutions of the enzyme urc appreciably 
inactivated after several days at 30°C. W ' 84 

B. Yeast Invertase. Several reports of the preparation ot highly active 
yeast invertase preparations have been made. The activity ot those prepa- 
rations is such that the time values are less than 0.2 minute. I A time value 
<rl 0.2 minute corresponds to uu enzyme value of about 700; eomiucrrinl 
invertases usually have enzyme values of 10 or less.) Those of Adams and 
Hudson * are reported to give typical protein reactions sis well as a positive 
Molisch test for carbohydrates. The most active preparations contain onl,\ 
li.O / v of i ■educing material after an acid hydrolysis, but others contain ns 
much as HO to 50% carbohydrate. Invertase preparations with large eurbo- 
hydrate contents fail to give tlie usual protein precipitution tests and are 
not coagulated by heating. Although such preparations sue of appreciably 
less activity than those with smaller carbohydrate contents, the activity 
of all is closely the same when based on the nitrogen content. 

4. Enzymes of Almond Emulsin 

A. Preparation and Purification. Almond emulsin is prepared from de 
fatted enislied almonds by extraction with water and precipitation of the 
extracts with alcohol. The dried powder is known us almond emulsin. A 
preparation ol considerably more activity is obtained by treatment of the 
almond meal with zinc sulfate solution and precipitation of the enzymes 
from solution by the addition of tannin. The tannin is separated from tlie 
ensyme by extraction of the precipitate with acetone, and the solid residue 

B. licit uncli, It Hiltiimuu and W. W. Pigmau, X. physiol. Chrm , xhO, 150 (IU39j 
11 B. Helferich, P K. Spciriel and W. Tocldte, Z, physiol, Chrm., 1i8, !X) (1920) 

14 B. llolferirh Hint \ Hctineuinitillcr, Z. physiol (’hi m.. 108, 100 (MSI) 

"M VdaiiUi and (' h Hudson, J Am Chrm Hoc , UR, 1 lift I (I (I till 
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is the “Rohferinent” of Helferich" which has been used for many of (hr 
studios of (be specificities of the enzyme components of almond cmulsin. 
The “Rohferment” usually has a 0-glucosidaae value of ulsiut 1 . 

Purification of the “Roliferment” (fives preparations 10 to Hi limes more 
active (/J-glueosidase value 10 to 16) and some of the enzyme constituents 
of the enider preparations are lost in the purification process. It should tie 
noted tlml almond emulsin is not a definite substance hut is a mixture at 
enzymes which arc present in variable proportions depending on the 
method and extent of purification. Various methods lor the purification 
may lx* used singly or in combination. The preparations ol highest activity 1,7 
have been obtained from the “Roliferment” by adsorption of the enzymes 
on silver hydroxide and, after desorption by action of ammonium sulfide, 
removal of certain of the impurities by their preferential udsorption on 
activated carbon. 

B. Optimal pH. According to the measurements oi K. llill," 7 the maximal 
activity for almond 0-glueosiduse is shown at pH 5.0 und for a-inannnsidase 
at 3.3 to 5. The position ot tlie pH optimum for the 0-gal act osidasc ex- 
hibits an influence oi purification; thus, the “Roliferment" shows its 
maximal activity over a broader interval (pH 3.3 to 7) than that loi the 
purified product (pH 5 to (l ) (see Fig. -I ). 

The influence ol Imiler type and concentration on the optinuU pH toi 
0-glucusidase activity has lieen investigated by Veilicl and LillcJuinl’'' 1 using 
the o-crcsyl and ri-butyl 0-glurosidcs. The optimal pH tor the hydrolysis 
oi these glurosidcs varies lie tween 4.0 and 5.0. The hydrolysis takes place 
inoie rapidly in citrate than in acetate buffered solution. The two gluco- 
sides exhibit an appreciable difference in the optimal pH for the solutions 
in acetate buffers. The hydrolysis rates in ucctate-buffered solutions sue 
affected by the concentration of the buffer to an extent ol about IO‘/ ( in 
the range 0.04 to 0.12 M although there is little effect of buttci cmiccii 
(ration to lie observed for the citrate-buffered solutions. 

C. Enzymes Present In addition to 0-glueosidase, the enzyme which 
hydrolyzes fi-glucosidcs, other enzymes are present in the ‘Tluhieimeut" 
and in the purified preparations. The methods used for establishing the 
presence of different enzymes in the emulrans are bused on the production of 
changes in the relative rates of hydrolysis of several glycosides us a result 

M ti. Ilclferirh 8 Winkler, R. (Jnnt*, 0. Pctsre and K <! wither, X phi/nol ('lit m , 
MX, 91 ( 1932 ) 

17 B. Ilrlfeneh and 8 Winkler. /. physiol. Chem , iOU, 209 (1932); B llellwi.li 
and W W. Pigman, / physiol Chm., USB, 253 (1939); B Helferich and M Hasp, 
ibid , S71 261 ft 942) 

*"K Hill, Ber Vrrhandl sdrhs Akad. H’tu. loptif/, Math phys Klimt XU 
116 (1934) 

" 8. Veiliel and 11. Lillelund, Entymoloffia, 9, 161 (1940). 
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of some treatment given lo the enzyme preparation. Thus, in the purifi- 
cation of crude almond emulsins, the activity towards jS-glueosidcs and 
0-goLactosides increases but that towards a-galactosides decreases. This 
change of activity is taken as evidence for the presence of a special enzyme 
(a-guladosidose) different from the /S-glueosidase. Also when solutions of 
almond emulsin are heated or exposed to ultraviolet light, their ability to 
hydrolyze a-mannosidcs may lie unaffected although the ability to hydro- 
lyze jS-glurosidrs may 1 >o greatly diminished. Hence, the existence of a 
special a-mnnnosidase is postulated. Hy similar methods, the presence of 



Fig. 1 . The relation of ]ili to the activity of the m inn pul enzymes of almond emulsin. 

The full linos give data for the “Rohfcrmpnt ’ and the broken lines data for the 
hiichly purified nnulsin. The upper curve for purified 0 durosidane has 
been constructed at one quarter of its real value 
(Data of K. Hill) 

two oilier glyrosiduses is indicated. These enzymes are irf-glucuronidasc and 
0- ( N -ace tyl ) -glue unminid ase which hydrolyze 1 the 0-glyrosidie derivatives 
of glucuronic acid and (N -acetyl) -glucosamine. The enzyme preparations 
also catalyze the cleavage of 0-galactosides. There is as yet no definite 
evidence that 0-gulactosidase differs from jS-glurosidasc. In the subsequent 
discussion, however, they will be considered to lx* different. 

The four principal glycosidafles in almond emulsin (jfi-ghicosid&se, 0- 
galactosidusc, a-galactosidase and a-mannosidase ) arc probably responsible 
for the hydrolysis of the pentosides and some other glycosides. Of the 
pentoaidcs, the L-orubinosides, the jfl-D-xylosidcs, and a-n-lyxosides arc 
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hydrolyzed by almond emulsin. The D-ttabinocddes and the 0-L-xyIosides 
are not affected, and the d- and L-ribosidcs and L-lyxosides have not been 
tested. It is of considerable interest that the hydrolyzable pentoaide' are 
configurationally related to hydrolyzable hexosidcs (i.e., they belong to the 
some homomorphous series) and may be considered to be derived from 
them by substitution of the primary aleoholie groups by hydrogen atoms 
(see Chapter II). 

a-D-Mannose type : a-D-monnoso, a-D-lyxosc 
0-D-Galactose type : 0-D-galactose, a-L-arnbinoc 
a-D-Galactosc type : a-D-galactose, /S-L-arabinose 
0-o-Glucose type : 0-D-glucose, jS-D-xylose 

Since L-arabinosc and n-xylose are found in natural products, it would 
bo posable that special L-arabinosidoses and n-xylusidascs exist ; the ex- 
istence of a special n-lyxosidose seems improbable since the sugar is not a 
natural product. In the case of the D-lyxosidrs, the hydrolysis most prob- 
ably is due to the a-mannosidase component of almond emulsin.’ 0 The 
stability of the enzyme to heat supports this conclusion. The simplest ex- 
planation for the hydrolysis of the other pcntosidcs is that they also are 
cleaved by the corresponding hexosidases. This concept receives support 
from studies of the effect of purification on the relative rates of hydrolysis 
of the hcvosidcs nnd pentosides. 8 * Thus, purification of the cruder prepara- 
tions <jf almond emulsin increases their ability to liydi ulyze a-L-arabino- 
sidcs and jS-n-xylosides in the same relative proportions as for the con- 
figurationally related 0-gcdartosidcs and d-glucosidrs. The a-galactosidase 
activity decreases, however, in the same proportion as the ability to 
ratulyze the cleavage of the /d-L-arabinosidcs. Although this evidence does 
not eliminate the possibility of special pentosiilases, particularly in enzyme 
preparations from other sourees, it makes their postulation in almond 
emulsin unnecessary. 

It has never been conclusively demonstrated that only a single com- 
ponent in almond emulsin is responsible for the cleavage of all p-glucosidcs, 
i.e., that several j9-glucosidases on* not present, but most of the available 
evidence supports this concept. Aprirot emulsin as well as three almond 
emuhnns of different purity were investigated 11 for their action on 0-gluro- 
sidcs which had the following substances as the aglycons: methanol, 
gluroHc, phenol and soligenin. As shown in Table VI, the relative rates of 
hydrolysis of the series of gluposides by the four enzyme preparations is 
the same within the experimental error. The earlier work of Willstittcr, 
Kuhn and Sobotka” led to the same conclusion. However, later work,” 

•• W. W. Pigman, / .1m (‘hem Soc,h3. 1371 (10101 

* l B. Hclforirh, It. Guntz and U Kparmberi . X phi/siol Chem , * 06 , 201 ( 1032 ). 

** R. WiJIstattpr, R. Kuhn and II. Wobotka, Z. phi/sml Chem., 129, 33 (1923). 

" L. Zochmristcr, G. Tdlh, P Furth and J Rdnony, Knxymologia, 0, 156 (1941). 
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which should be* checked, indicates that several 0-glucosidases may be* 
present. 

D. Specificity of the d-Ghicosidase. Influences of substitution find of 
configurational changes in the sugar radical of glucosides. A number of /J- 
glucosides have been prepared in which the hydroxyl groups on carbons 
2,3 and 4 have lieen substituted by methoxyl and tnsyluxy groups. For all 
such uompounels, the derivatives have been fouud to be “unkyeirulymble. ,, " 
Thus, the 3-inethyl and the 2,4,G-trime*thyl derivHtivc*s of phenyl 0-gliieo- 
side as well as the 2-tosyl, 3-tosyl aud 4-tusyl derivatives of vanillin 
jS-ghicuside ait* not uppivciably hydmlyzed by nlmond emulsin even after 
100 hours or more.**-** 

When substitutions an* made at carbon U of jS-glueosides, the effects an* 
quit** different than those arising from substitutions at the ring carbons 
(2, 3, t, ob In the accompanying formula, this type of substitution is 

Twu.it VI 
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represented by variations in the nature of the atoms or grou]>N represented 
by -V. 


GH.X 



H OH 


The ease of hydrolysis of h series of such 6-substituted /tf-glueosides® 7 ih 
compared in Tabic Vll. 

91 Inmost instanceb, under id ruigenl experimental cnnditimib ul ilizinghigh enzyme 
concentrations and long tinir period a, the minimum enzyme efficiency (“Wertigkoit ”) 
which is signifieanl is about 10~ b . Thin is about 1/33,000 the rate of hydro! ybiu of a 
fairly eaBily hydrolyzable glucoflide (phenyl 0-glueoflidc vith E, E . - 0.33). A com- 
pound with enzyme rffiricney of 10‘ 1 or less is usually considered to be “unhydro- 
lyzable. 11 

91 H. Helierich and S Ciriiuler, */. prnki. CkriH., (2 ] US, 107 (1937) 

1,1 W W Pigmau and N. K, Itirhtmyer, J. Am Chm. Nor , 04, 374 (1942). 

17 H. Helferioh, S, Grttnlor and A. Gntichtel, X. phytiol. (Mam., $48, 85 (1087) 
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In general dicre seems to lie a correlation between die size ut tbe group A 
and its influence on tbe rate of hydrolysis as may be seen by a comparison 
of the rates of hydrolysis and the volumes of the groups as given by Hilts. 
It appears that (tie effect of groups substituted for the hydroxyl of carbon (t 
is a wteric effect , and dial such substitutions produce only quantitative 
clianges in the rate of hydrolysis." 1 ' 7 However, when the substituent groups 
are quite large, e.g., tiensoyl and toeyl groups, die rate of hydrolysis lx>- 
comes so slow as to lie immeasurable. It is of interest that apjiarently the 
most easily hydrolysed glycoside types are those with A" = H, i.e., die 
tt-dcsoxyglucosideh. 

A similar type of substitution is the replacement of the primary atrohol 
group ( - (’lljOH) uf hexosides by H or CJIOH- OHiOH to form the 
pentosiiie*' or hepl osides of similar ring configuration. The evidence available 


Tutu. VII 

Compniahri Hale * u) Hytholygu uf B-SvhstiUtUd 0 (tlutusidis 


ifctiturnt Group 
(Group 

Fhuiyl irTjj ducmidr 

| i 

| Vanillin 6 X^fi glucnside 4 | 

\ nhimr of Group XP 
IBilUl 

If 

() 56 


3 S 

OH 

0.3 

39 1 

9.4 

I* 

0.03 

(6) 1 

15 9 

Cl 

- 

2.5 

16.5 

Hi 

0 003 1 

1 1.5 

19.5 

OOII, 

0 0023 

i 

i 

21 1 

I 


0 17 1 

1\ 3 


■ Calculated in Ike game mannoi as lor (he euzvmc efficiencies hut einplnviUK 
0 00104 .1/ substrate solutions. 

h Molecular volume in milliliters 

for lielieving that the a- and 0-L-arabinosideh, the 0-D-xylosidce and a-n 
lyxosidr are acted on by 0- and «-gnltteto&idasc, 0-glueosidase and a-man- 
nosidase, respectively, has bepn cited previously. The preparation of the 
plienyl D-maniio-j8-D-jy«fodo-hep( oside (plienyl 0-i>-or-mannohcptosUle) lias 
made it possible to test the influence oi the substitution ot a - ('HzOll 
group for the hydrogen attached to carbon ti on the ease of hydrolysis ol 
phenyl 0-galactoside. As would lie expected from the presence of the 
0-gal actopyranoside ring, this heptoside is hydrolysed by almond cmulsin 
at a rIow but significant rate** (E.E, » 0.00022 as compared nidi 0032 
for phenyl 0-gal act nside). 

Changes of Ring Structure and Configuration. When the structure of a 
hydrolyzable pyranoside is changed to that of a furanoaide, the latter is 
unaffected by die enzyme. Thus, the a- and 0-D-glucofuranosidrs are un- 

•• W. W. Pipnan, J. Research Natl. Bur. Standards, SB, 197 (1M1). 
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affected” by almond emulsiu oh well as by yeast a-glucosidase (yeast 
maltose) . Similarly, yeast invertase catalyzes the cleavage of sucrose and 
other jS-fructofurauosides, but not that of the known fructopyranosides. 1 ” 

The influence of the configuration of the carbons forming the pyrunose 
rings of hydrolyzable glycosides has also Ixrn investigated. In no known 
instance is the cnantiomorphous modification of a hydrolyzable glycoside 
acted upon by the same enzyme. The best examples, at present, are the 
pairsof 0-D-ond /3-L-arabinosidesand thear-n-aml a-L-arabinnsides. Although 
tile L-isomers arc easily c , lcaved J the n-isomers remain unaffected even after 
long periods of time. Mlul A similar difference exists for the hydrolyzable 
D-xylosides and the unhydrolyzable L-xylosidcs. 102 The earlier work of 
E. Fischer showed that the L-glucosides are unaffected by enzymes, but 
these results require confirmation. 

Tt is of interest to consider the effect of variations in the configuration 
of a single asymmetric center. Data are available for making this compari- 
son as a result of studies of the action of almond emulsin on the phenyl 
a-D-talosidc and the methyl D-guIosides, now 1 of which was found ,,s ' 1U3 to 
be appreciably hydrolyzed. Inasmuch os the a-n-talosidrs differ from the 
hydrolyzable a-D-mannosidcs only in the configuration of a single carbon 
atom (carbon 4), it seems that the change in configuration of only a single 
asymmetric center is sufficient to prevent enzymic action. This is sub- 
stantiated by the lack of enzymir cleavage of tin 1 gulosides w liich differ from 
the hydroyzable galactosides only in the configuration of carbon 3. 

The experiments eited illustrate the extreme specificity of the almond 
emulsin enzymes to slight changes in the sugar ]>ortion of glycosides. At 
present it stums that these influence's may l)e summarized hy the state- 
ment that hydrolyzable glycoside* m list belong lo one of the naturally occurring 
types (p. 57) and none of the ring hydroxyls may be substituted by other 
groups . Conversely, enzymes are to l>e expected in natural products corre- 
sponding to each of the naturally occurring types, and it is probable that 
no enzymes exist for the licxoside types which arc not naturally occurring. 
However, it is not to be expected that individual enzyme preparations will 
contain all of the possible enzymes; instead enzymes usually will be found 
in biological materials in association with their substrates. 

Aglycon Specificity. The marked influence of changes in Hie rings of 
hydrolyzable glycosides on enzymic action has been emphasized in the 
preceding section. The effect of variations in the aglycon group are quite 

® B E. Fisrher, Ber. f 47, 1080 (1014); W. N. Haworth, C. It. Porter and A. C. Waine, 
J. Ckem. Sac., 2254 (1082). 

l0# R. Weidenhagrn, Z. Ver. dcut Zucker-lnd., S£, 021 (1032). 

1,1 B. ITelferirh, H. Appel and It Gnolz. Z. physiol. Chem , £16, 277 (1933) 

101 B. Helfrrirh, E. Giinlher and W. W. Pigman, Ber , 7£, 1053 (1030). 

1M B. Helfrrirh, W. W. Pigman and H. 8. Isbell, Z. physiol. Chem ., £61, 55 (1030) 
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different, however, and it is unusual to find that structural changes com- 
pletely inhibit enzymic cleavage although occasionally the rate is very slow. 
In tlip mechanism described previously, the concept of a general unspecific 
adsorption on the area II wan developed to agree with the experimental 
work which has been done on the influence of the structure of the aglycon 
group. In the following discussion of this work, the /J-glucosides will be 



Fin. 5. The relationship between the enzyme efficiency ami the number uf the carbon 
atoms in the aglycon groups of alkyl 0-glucosides. Circles represent data of 
Pigmau and lUehtmycr; filled circles are data of Veiliel, and half- 
lilleil eireles are data of Ilelferirh. 

divided into those 1 yielding glucose and an alcohol on hydrolysis (alkyl 
0-glucosides) and those giving glucose and a phenol (aryl tf-glucosidcs). 

Alkyl P-Glucosuicn. The enzymic hydrolysis of numerous alkyl /3-gluco- 
sides has been studied. Many of the results obtained are summarized 104 in 

,M This figure ib taken from W. W. Pigman and X. K. Ric.himyer, J . Am . Chm. 
Roc,, 64, >360 (1942) and W. W. Pigman, A dvnttrcz in Emymology , 4s 41 (1944). It 
incorporates results of Veihel and associates and some of Helferich. Some new data 
by Ilelferirh and Ooerdeler, Ber. VvrhantU. aftch*. Akad. W r w*. Leipzig, Math. Phyz. 
Klassc, 92, 75 (1010) are included. Tho results of Vcibel at various eonrenl rations 
has hecn interpolated at the standard concentration (0.052 Af). 
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Fig. 5. It is of considerable interest that in the various hamologoUH series 
the rate of hydrolysis increases with increasing chain length. The u-alkyl 
series shows a progressive increase in the rate of hydrolysis with inrroaaing 
chain length erf the aglycon group until the chain length reaches about 7 
carbon atoms. Thereafter, how ever, the rate decreases. On the basis of the 
postulated mechanism previously given (Fig. 2), this occurrence oi an 
optimal chain length for maximal hydrolysis is to bo ascrilied to a count ci- 
balancing of tlic Iteneficial effects of increased chain length on the formation 
of the enzyme-substrate complex by the disadvantageous influence of slow 
desorption ot the products of hydrolysis from the enzyme’s surface. That is, 



0 1 2 3 4 5 6 8 

CARBON ATOMS IN AGLYCON 


Pig. 6. Relationship between the dissociation constant of I lie riiz>uu* substrule 
complex and tho number of carbon atoms in the aglycon grouts* of 
alkyl S-glucoeides. 

the rate determining reaction for the n-nonyl glurosidc may Ik* the disso 
ciation of the n-nonyl alcohol from the surface of the enzyme rattier than 
the decomposition of the glucosidic linkage. 

This explanation of the influence of increasing chain length or molecular 
weight of the aglycon receives support from a comparison of the disso- 
ciation constants of the enzyme-alkyl ghiconde complex with the number 
of carbons in the aglycon group. In Fig. 6, such a comparison is made using 
the data reported by Veibel and Liflelund. 1 * In the various series, the 
adsorption increases rapidly with the increasing size of the aglycon group. 
The increase in adsorption is indicated by a decrease in the dissociation 

*" S. Veibel and H. Lillelund, X. pkytial. Ckm., US, 55 (193A). 
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constants. The highest association (adsorption) is shown by the n-alkyi 
series and the association becomes less as the extent of branching increases. 
This influence of branching might lie expected as tlie straight chains should 
have a greater opportunity to accommodate themselves to the adsorbing 
atoms of the active areas on the enzyme. A summary of the effect of various 
groups in the aglycon radicals of alkyl fi-ghicosides and additional dis- 
puhflion is given elsewhere.” 


Tabm VIII 

Raft of Knzymu Hydrolysis of Dtsacchai ides and Related Compounds mth p (Uucosidit 
and fi-Galactosidic Linkages 


$ Glucoudea 

0-GuUctftudes 

Substrate 

Structure 

EE.X 

10* 
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Structure 
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10* 
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4 Glut* use p gluco- 

15!), 
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| h Glurosc 0-gluco- 

75 
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160 
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0 41 
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330 
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23 
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I 

1 



flide 


i 
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80 




chuir alde- 
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hyde /9-lar- 

sidel 0-galacto- 





toaide 

side 





Phenyl P- 

Phenyl p galacto- 

32-40 




galacto- 

Btde 





aide 

1 

, 


In Table VIII, values ore given for the ease of hydrolysis of some disac- 
charides which have d-glucosidio or 0-galactosidic linkages.” For compari- 
son, several other glycosideB are included. 

The marked influence of the effect of structural and configurational 
changes in the aglycon group is very evident. Thus, collobiose and 4-man- 
none /S-glucotide differ only in the configuration of a single carbon atom 
(carbon 2 of the aglycon group) yet there is more than a 60-fold difference 
in the ease of hydrolysis of the two compounds. Gentiobioso and oellobiose 
differ only in the position of attachment of the aglycon group, but the 
latter is hydrolyzed at more than double the rate of the gentiobiose 
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The same difference is to be observed for the dib&echaridcs and deriva- 
tives of the jS-galactosidc series. Here, the effects of breaking the pyranose 
ring of the aglyeon of lactose by oxidation to lactobionic acid or reduction 
to lactositol may be observed. As may lx 1 seen from the table, these com- 
pounds are hydrolyzed much more slowly than lactose. The formation ol 
the glycosidic ilenvativr* ol lactose, even though such u change is remote 


Twill IX 

Influence of tfubshtutunih in tht Aiumatic Andrus <>» the //r/rWi/m of Phtnifl 
0 Glutnsith by Auer/ almond Q Gluto^uiasi 
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4 2 
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13 
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11 
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1 4 
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from the linkage undergoing hydrolysis, appreciably accelerates the 
hydrolysis (compare lactose, phenyl lactoside and proloeatechuie aldehyde 
lactoside). 

Aryl fi-Glucosides. In Table IX are recorded the results ol llelfericli 
and associates from their study of the influence of substitution in the 
benzene ring of phenyl ft-ftlucoinlc on the rase of enzymic hydi olysis. 4 * Jt 
should be noted that d-glurosidascs uoni some sources other than almond 
emulsin exhibit quite different speciticities; hence, the eonehisions drawn 
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apply only to sweet -almond fJ-ghicosulaae. The principal effects of substit- 
uent groups are summarized in the following generalizations for which 
phenyl 0-glucoside is taken as the standard for the comparison. 

(1 ) The rate of hydrolysis is increased by the introduction of 11 'meta- 
directing groups 1 ’ in any position, and aldehyde groupH exhibit the greatest 
effect. 

(2) In all cases known, the rati 1 of hydrolysis is decreased by the intro- 
duction of an arnino group in any position. Acetylation of the amino group 
reduces its inhibiting influence. 

(3) With the single exception of the amino group, all groups, when 
substituted in the ortho position, increase the ease of enzymic hydrolysis. 

(4) Although the “meta-directing groups” increase the ease of hydrolysis 
when in the para position l but less than when in the ortho position), other 
groups have an inhibiting art ion. 

(5) The substitution of groups in the met a position results in influences 
inleimediato between those ot the same groups in the ortho and para 
positions, but the general effect is to increase the ease of hydrolysis. 

(0) Compounds with two groups in addition to the glueosidie group in 
the aromatic nucleus usually exhibit an additive influence of the tw o gioups. 
Thus, for a group like methyl, the ortho effect is strongly positive and the 
para effect is weakly negative. The 2,4-dimethylpheiiyl jtf-glucosidc is 
hydrolyzed at a lute intei mediate hetwern those 1 for the two corresponding 
monoMibstiluted compounds. 

As is shown by the values given for the acid hydrolysis ot some ot these 
compounds (Table X ), then 1 apjienrs to Ik 1 no correlation lietween the ease 
oi enzymic anil ot acid hydrolysis. 11 the influences of these groups were 
merely on the glueosidie linkage, such a parallelism might he expected. 

Since the substituent groups undoubtedly cxirt an influence on the 
glueosidie linkage undergoing hydrolysis us well as on the formation and 
stability ot the enzyme-substrate complex, the interpretation of the results 
is difficult. It would seem, however, that the main influences would be on 
the formation and stability of the enzyme-sulistrate complex. As tlie ortho 
position is closest to the linkage undergoing hydrolysis, the formation of 
weak bonds lietweon the enzyme and groups in the ortho position would 
tend to facilitate hydrolysis. This influence w mild be less for groups in the 
met a position and still less for those in the para position. The inhibiting 
influence of the amino group might lx» ascrilied to its ionic charge and the 
formation of a bond with the enzyme so stable that the dissociation of the 
products of hydrolysis from the enzyme would lie inhibited. 

S. Occurrence and Specificity of Other 0-Glucosidases 

Although almond emulsin is the classirol souree of glycosidasefl and has 
received the most study, these enzymes are widely distributed in seeds, in 
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animal tissues and organa and in microorganisms. Although enzymes sirailai 
to the almond-emulsin glycosidaaes occur in many natural products, then 
is no reason for mwiiming that enzymes irom the different sources which 
act on the same substrates should be identical. Instead it might be antici- 
pated that the living tissupR would develop enzymes best suited for the 
paitirulur glycoside oi disoceharide actually being synthesized m hydro- 
lyzed. As will lie shown m the subsequent discussion, the effect of changes 
in the aglycon groups ol glycosides on the rate of enzymic hydrolysis is 
quite different ior enzymes from different sources, i.e., the aglycon specifi- 
cities vary. Vnfortunately, them is prartirally no inlormation on the efferts 


Tabu. X 
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oi changes in the sugui poitiou oi glyiosuli'. on the * n/yinu h) ill olvsis lot 

any enzymes except those Jioiu almond enudsin 

V comparison of tin specific action ol pf ghuosulusi* Jiom a munis i ol 

souiees on foui diffcmnl d-glucosides has l»een made l\\ Miwa, Cheng 

Fujisaki and Toislii 10 " and then lcsuits an summarized in Table \J Tlu 

table mcoids the ease oi hydrolv-is as values and aNo as iclntivc values 

Writh the ease ol hydiolysis ol the phenol d-ghicosidc In mg taken n> unit] 
loi each enzyme preparation The npueot, sweet-almond and ]N‘ 0 eh 0 - 

glueosidaseb are markedly affected by sulistilution in the ortho position a* 

is demonstrated by the values foi the saliryl and o-eiesvl 0-ghu osules , 
para substitution is much less eiieetive and inhibits the hydiolysis Tla 
iungal /9-gluensiduses exhibit an inhibitor effect of ortho substitution 

"T Miwa, f Cheng, M. Fujiawki and A. Touhi, .Ida 1‘hytothim {/apart), 10 
155 (1037). 
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those from the other plant sources seem to be intermediate in character 
between the two extremes, and to bo much less affected by structural 
changes in the aglycoa groups. 

The digestive juices of the snail ( Helix ponuitia ) contain a 0-glucosidusr 
in addition to an active cellulose. In Table XII, the action of the snail 
cmulBin on several /S-ghicosides is compared with that of sweet-almond 


Tabmc XI 

Comparison oj the Specificity tij fl-Glucvtidaeee front Difieient Sources 
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1 ‘7 M ih it mi'aMire ofthe ease of hydrolysis similar to 1 lie rnr> nip value and enzyme 
I'Hicienrj 


cmulsin. 107 'Hie snail /3-glucosidaae reacts similarly to that in almond 
cmulsin, hut the influence of variations in the aglycon structure* is much less. 

The* jS-glucosidiwe which occurs as an impurity in highly purified yeast 
mvertaac hydrolyzes gentiobiose, but it exhibits no activity for the hydrol- 
ysis of ccllobiose although almond cmulsin hydrolyzes the latter dinur- 
churide the more rapidly. Phenyl (rf-glucoside is cleaved at about the same 
rate as gentiobiose 108 in contrast to the results for almond cmulfrin for which 


1BV B. I [elf eric b and J. Goerdeler, Ber. Verhandl. ticks Akati. Win, Uipsig, 
Math, phys . Klasse, MJ, 75 (1040). 

“*M Adams, X. K Richimyer and C. S. Hudson, J . Am. Uhem Sot., ttfi, IB 
U043). 
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the former glucomde is the more easily hydrolyzed. The glucueidc phlorizin 
ia only slowly acted upon by almond emulsin (in comparison with salicin) 
and by emulsins from cattle, horse and pig liver and intestinal mucosa and 
pig and cattle kidneys. However, it is easily rleavtd by a preparation from 
horse kidneys. Aqueous extracts of ground rabbit livers and kidneys 
exhibit considerable jtf-glucosidasc activity, and the optimal pH is around ti; 
in contrast, extracts of spleens, lungs, testicles and muscles have only slight 
.ability to hydrolyze /?-ghieo8idcH. ,, ° 

6. Alfalfa and Coffee Emulsins 

The glycnsidase system of alfalfa (lucerne) seeds (from ilethcago aatira ) 
lias lieen studied by Tv. Hill. 111 It differs from sweet-almond cmulsin in 


Tabi.k XII 

Com pm moil of the Specijmtns of fi-tilunixidfixi of Snail and Almond Bmulmn 



! Sweet Almond Emulsin 

Sna.il Lmulsin 

0-(iluciHidi' 

1- 

1 * * | 

Ratio 

! h h 

Ratio 

Phenyl 

, 0.33 [ 

1.0 

0 . 02 S 

1.0 

rialicyl i 

1 7 

5 2 

j 0 031 

1.2 

Vuuilliik 

13 

30 

, 0 151 

5.4 

p-Crezyl 

0.12 

0.36 

0.026 

0 0 

o-thvHyl 

4.8 ' 

13 

• 0 035 

1 3 

Ethyl 

j 0.015 I 

0.1 1 

l 0.0056 

| 

0.2 

- 

1 

_ 

1 



having only trails of a0-gluensidn,se all hough it hits a very urlivr jS-gulnrto- 
.sidane and an a-galaetosidu.se. The tr-inannoKidase and the jtf-(N-aretyl)- 
glucosaminiduHC activities are similar to those of almond cinulsin. 

The optimal pll for the alfalfa 0-galacloaidase is elose to 3.4 and the 
maximal range is rather short. For the a-gahictosidase and the a-man- 
no.sida.se, the optimal pll covers a rather hrnnd region hrlwecn 3.3 and 5.0. 
Ah is also true for almond emulsin, the ar-nmnnosidase is moiv stable to 
heat and ultraviolet light than the other enzyme* components. 

A comparison of the oglyeon specificity of the alfalfa and the sweet- 
almond 0-gal act osMoses is made 111115 in Table XIII. It mill l>e noted that 

1BB E. llnfinann, Biothem. Z., 296, 429 (1936). 

I1D K. Aizawa, J . Biuehtm. [Japan), 50, 80 (1939). 

111 K. Hill, Her. Verhandl rich* Aknd Wi&s. Leipzig t Math. phys. Klattxe , 96 t 
115 ( 1934 ). 

111 B. Helferich and II, Scheiber, Z. phynwL Chew., £46, 272 (1034); B. Hclfcrich 
and R. (iriebel, Ann., 644 , 101 (1910); B. llclferieh, 11. Scheiber, R. Slreeek and F. 
Vomit z, dud , 619 , 211 (1035). 
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the alfalfa jS-galoctosidasc is affected less by btnirtural variations in the 
aglycon and is not particularly influenced by ortho substitution. 

Coffoo emulsin resembles the alfalfa emulsin more closely than slmond 
emulsin; although the jS-glucoradase action is weak, the jS-galoctosidanc, 
a-mannosidase and particularly the a-galactosidase activities uie uppie- 
ciable. In contrast to the ease of hydrolysis by almond emulsin of vanillin 
0-gnlactosidc as compared with phenyl 0-gnlact nside, there is little difference 
in the ease of hydrolysis oi the two galactosulrs by collee emulsin. Tlic 
coffee a-galnctosidAse exhibits its maximal activity over a w ide range of pH, 
3 to 0, but the 0-galaetosidaso has its maximum activity near 3.5 to 4 anil 
the a-monnosidase lietween 4.5 and 5. 5. 111 

Tabu, XIII 

Cum pan sun of the Rpcuftcity of Iht d (IritactoaulaicR of Alfalla nod Almond E mult ms 



Almond Emutan 

| Alfalla F mulsh 

(rluctiaide 

/ k 

I Retains 
k L 

k k 

Relative 

FA 

Phf»n\l p Kalarti)sulc 

0 040 1 

1 1 0 

0 17 

1 0 

o (^reflyl “ 

o m 1 

1 17 

0 13 

0 76 

p Orosyl <f 

0 02 

0 5 

0 14 

0 S2 

Piutof at whine aldehyde palactuhidc 

1 7 h 

1 1D0 

0 36 

2 L 

Vanillin 11 ! 

! 1 3J> 

1 31 



Phenyl 0 lai'tuside i 

I 0 023 

I 0 6 

0 02*1 

0 17 

Pintnr&terhuir aldehyde 0-lar inside 

0 OS 1 

| 2 0 

0 021 

0 12 

Lactose 

o m j 

I 02 

0 004 

0 024 


7 . Yeast Glycosidases 

The best known glycosidasc component ot yeasts is jy-lrurtofuranosidune 
(invertast*, jS-/i-frurtosidaso, surrasc, sarehainse) which hydrolyzes 0- 
Irurtofuranosiilcs including sucrose. Live yeasts provide an excellent source 
of imertase and are used in commercial opeiations lor thr invernon of 
sucrose. Alcoholic lermentation can be avoided by uiong high Migor con- 
centrations of the order of 50 per cent. Invcitase preparations arc made by 
allowing yeast to autolyze in the presence of an antiseptic such as toluene, 
and for this purpose the invertaae content of the yeasts can be increased 
greatly by development of the yeasts in aerated sucrose solutions. 114 Accord- 
ing to the procedure of Adams and Hudson, 111 the yeast is allowed to aulo- 

■”B Helfench anil F Voraatc, 1 physiol Chin ,237,254 (1936) 

“« R Willstatter, C D Lowry, Jr , and K SohneidDr, Z. physiol. Chim , 146, 
158 (1925); R Weidenhagen, Z. angtw Chem , 47, 581 (1034) 

>“ M 4daowandC 8 Hudson, J Am Cbm Roc 05,1359 (1943) 
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lyze under toluene At 25°C\ for several days; the liquid is filtered and im- 
mediately dialyzed at 28 to 30T. for several days (cellophane diaphragms'!. 
At the conclusion of the dialysis, the solutions are allowed to age one oi 
two weeks and inert material is then thrown out by acidification to pH 3.7 
3.9 with acetic acid. The finul stage of purification consists of adsorption on 
tientonitc at pll 3.(5 4.1 and elution at pH 5.4-5.G. Ity this proeeduie, 
invert one preparations air obt aim'd with invertase voluis of ubout 1000 a*, 
compared with values of about 10 for commercial preparations. (The time 
value for die best preparations was about 0.10.) 

The preparation and the reaction kinetics of invertase have received u 
groat deal of study 11 * particularly by Willst&ttcr, Kuhn, Euler, Josephson, 
Hudson, Myrbaek, Nelson, Weidenhugen and their associates. The specifi- 
city and properties of ycost invertase have Ixrn restudied by Adams, 
Richtmycr and lIiidBon, ,0N and the following details arc taken from thcii 
work. The optimal pH for the hydrolysis of sucrose and raffinose is prob- 
ably around 5.0 to 5.5, although earlier workers found it to lie somewhat 
lower (3.5 to 5.5). However, the rati' of deeream* toward the acid side is 
quite small and even at pH 2.8 the enzyme is quite aetivp (see Fig. 3, 
parlier in this chapter). 

As shown in Table XI\ , the results of Adams, Kiehtrayer and Hudson 
indicate that under the “standard conditions,” the first-order reaction 
constants decrease for raffinoHP, increase foi sucrose and remain faiily 
constant for inuliu. 

Specificity studies of yeast invertase an* complicated by the difficulty 
of preparing /3-fructnfuranosides, and the studies have been limited to the 
naturally oceurring di- and oligosaccharides containing /S-fnictofuran aside 
residues. Sucrose, raffinose and stachyose have such residues in an unsuh- 
stituted condition (terminal positions) whcreaB melezitose has a substituted 
jS-fructofuiauosidc residue fcenlral position) Inulin is a polymeric &- 
fmetafuraaoside with 1 ,2' linkages. All nl these compounds with the 
exception of the melezitose an* hydiolyzcd by yeast invertase preparations. 
For an invertase preparation from bakers’ yeast with enzyme \ aluc ol 791 , 
the ease of hydrolysis at sue row', raffinose, inulin Rnd stachyose is in the 
proportion, 100’.23:0.03(i:fi.8. For a similur preparation from brewers’ 
yeast, the proportion is 100:l2.5:0.00(if3.1. ll,,> Although it is probable that 
sucrose, raffinose and stachyose an 1 hydrolyzed by yeast invertase, and that 
the different ratios observed for thp two preparations are due to variation 
in the invertase moleeule present in the brewers’ and the bakers’ yeasts, 
it is possible that the inulin hydrolysis may be due to another enzyme 

■" Fur diNeuuimi>> of the earlier work see J. M Nelson, ( 'hem Kim., U, 1 (1083)’ 
It Weidenhagen, in “Iluudbuch der En/ymoloRie” (Nord Weidenhagen), p 512’ 
Akaitemisrhe VerlagsgiwllBchaft, Leipzig (1040). 



GLYCOSIDES AND GLY00SIDA8ES 


505 


component, an inulase. Support for the existence of a special jnnlw fe 
given by the marked difference between tlie optimal pH for the inulin 
and for the sucrose hydrolysis. Thun, that for the sucrose inversion Hen 
between 5.0 and 5.5 while that fur the inulin hydrolysis lies between 3.2 
and 4.0. For yeasts, the rutio of invertaae to inulase activity is quite large 
(2,800 to as high as 28,300), but for fungal cmulmns, particularly those from 
Aspergillus niger, the ratio may be as low as about 5. ,IT 

Bottom (or brewers') yeasts contain on enzyme which hydrolyzes melibi- 
ose, an a-galactoside, and which is absent from top (bakers’ or ale) yeasts, m 


Tabus XIV 

Kinetics of Hydrolysis of Sucrose, ttaffinose and Inulin by Purified Yeast Insertase 

Preparations 


Tint, 

Sncme 

mnote 

Inulin 


Hydrolyah 

PX10« 

Hydrolysis 

x io* 

Hydrolyui 

A* X 10 4 

min. 

20 

ptreeiU 

26.2 

66.0 

ptrcmU 


ptreml 

22.2 

54.6 

22 

— 

- 

28.7 

66.0 

— 

— 

30 

37.6 

68.3 


64.9 

— 

— 

40 

48.0 

71.0 

44.6 | 

64.1 

30.6 

61.7 

60 

67.2 

73.7 

— I 

— 

48.4 

57.5 

66 

— 

— 

65.8 , 

64.1 

— 

- 


64.6 

76.2 

1 

1 

54.8 

57.5 

75 

74.2 

78.5 

1 

1 

- 

- 




68.2 j 

62.2 

- 

- 

140 



86.1 

59.0 

— 

— 


| 06.0 

fl 


i 

88 2 

61.0 


| 100.0 


06.0 

60.5 

i 97.4 

52. B 

1440 

1 - 


100.4 

i 

■ 

1 "" 


1 



1 - _ _ . - 

..... — 

1 ^ _ 


» Calculated in minutes nnd common logarithms by use of fint-order equations 


This enzyme, called a-galactosidasc or raelibiasc, is earned along with 
invertaae when the latter is purified, and purified brewers' yeast invertaae 
provides a good source of tlie enzyme. 10 " The optimal pll region is fairly 
broad, and a pH of 4.5 is probably the liest for most substrates. For such a 
preparation, with a melihiase value of 4.8, the relative ease of hydrolysis 
of melibiosc, phenyl o-gidactoside and methyl a-galactoside is in the pro- 
portion, 100:123:3.3. A comparison of the action of a-galactoaidases from 
several sources on melibiose and phenyl a-galactoside u> is made in Table 

u * W. W. PSgman, J. Research Natl. Bur, Standards, SO, 150 (1043). 

»• A. Uau, Chem.-Ztg., IB, 1573 (1806); E. Fischer cud 1*. Lindner, Ber., 18, 3031 
(1805). 

H' R. Weidenhagen and A. Renner. Z. 1'er. deut. Zucker-Ind., 50. 22 (10861, 
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XV. Ill contrast with the inverts*' preparations from brewers’ yeast, thorn' 
from bakers’ yeast are inactive towards melibiose and the methyl and phenyl 
a-gnlactosideH; 10 * 1 the a-galactosidase activity must be less than 10~ 4 . 

In addition to inverts*' (0-f n id of uranosidase ) and the a-galuctosidase 
of brewers’ yeast, purified yeast invertase preparations contain a jS-gluco- 
sidase and tlic otherwise unknown 0-niannosidnse. However, there is no evi- 
dence for the existence of a 0-gal actosiduse, un a-n annosidase, an ar-gluco- 
sidasc 1 or un u-fiuctofuranosidaso. 100 Phenyl 0-frurtupyranoside also is not 
appreciably hydrolyzed bv yeast inverts*'. 120 

Yeasts aio iilso a good source of an a-glurosidose. However, yeast «- 
glucosidase (niallase) as ordinarily prepared loses its activity very rapidly. 
For this reason yeast invertase 1 preparations contain little if any of this 
enzyme, and to obtain it veiy mild autolysis conditions must lie employed. 
Dried yeasts seem to be a particularly good source 1 . 121 Such pit paral ions 

Tvbll XV 

(Comparison of Ansi of Knzymic Htjtiiolyhis of Phenyl o (ralartosnh anti l/i lilnohc by 
a-fl nlacUnsi r/tiM h from iSV rr / al No mm * a 


Snum ol Ln/wni 

RiUlivi Easr of H> Jmlysis ol Meliljinit 
( umpired to IMitnvl u (mLlcKisuU 

Bottom yeast 

0 67 

hweet almond 

1.1 

Hittrr almond 

0 8 

Bariev malt 

0 15 

1 a/if npllus oi yztie 

<0 1 


contain considerable quantities ol invertase, but if the low temperature 
autolysate is treated w r ith limited portions ol activated aluminum hydrox- 
ide, the a-glucosidase is preferentially wlsurlied and then may Ik 1 eluted 
with solutions of secondary phosphates. 122 

Although the yeast invertase exerts its optimal activity at about pH 4 to 5, 
the yeast a-glucosidase optimum is between 6 and 7, and the activity de- 
creases veiy rapidly outside ol these limits. 122 Thus, at the optimum for 
invertase 1 action, the a-glucosidusc is practically inactive. However, nt pll 
6.5, there is appreciable invertase action. 

It is of interest that a-glucosidase, purified by adsorption and elution, 
at pH 6.5 is able 1 to hydrolyze sucrose at even a greater rate than maltose. 
The enzyme 1 might lx' classified as an invertase as it inverts sucrose, but 

110 It. Wndenhagcn, Z. Vcr dent Zuvker-Ind , 82 , 021 (1932). 

111 R. Willntatter and E Ram&nn, Z. physiol. Chem , 161 , 242, 273, (1926); J. R. 
Kncble, E L NkauandE W Lovriing, J Am Chon Nor , 4. f i, 1728 (1927) 

1,1 It Weidciilutircu, Ktytb Kmymforsrh , 2, 90 (19-13) 
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this term is reserved for 0-fructofuranoeidaseB. Thf hydrolytic action 1 * 1 of 
a-glurosidnse on sucrose ( 1 - (/3-f rue tofurunosyl )-a-glueopyranoso ) is as- 
cribed to the presence of an a-gtucosidic linkage in the BUgar. 

Enzymes which hydrolyze maltose and a-ghirosides arc widely dis- 
tributed in plant and animal products and microorganisms. 111 The products 
which have Iwn studied are crude and often only slightly active mixtures 
of various enzymes. Such preparations have lx*cn utilized for testing the 
action of a-ghicosidase on sucrose. Since the} 7 may contain inverlasesaa 
well as a-ghicosidascs and since* the activities of these cmulsins are usually 
low, the results have but little significance. Although sucrose is hydrolyzed 
by many such preparations, it is uncertain whelher this is due to anin- 
vertaac or an a-glucosiduse component or both. 

Tible XVI 

Comparison of Iht Relative Rase of Hydrolysis of iS'icr ml a and fl-Gluciwides by Yeast 
* (lliirosidase and Almond 0-Glucosidasi 


Afflycon Group 



Oil | 4 GIULtHf 

Phenyl 

| Saligrnin 

o-Cruyl 

Vratit o-glunibiri&M 1 

i i 2 a 

12 

1 12.4) 

11.7 

Alnioml j9 ftlui'osidiuM 1 

' , 21 | 

5.2 

1 26 
i 

60 


As previously mentioned, substitution of a group in the ortho position of 
phenyl /9-glucoside usually produces a marked inrrease in ease of hydrolysis 
of the glucoside by almond /S-glurosidase. Although the specificity of yeast 
a-glucosiduse has not received much study, it upiiears that the hydrolysis 
of phenyl a-glucosides is not greatly affected by ortho substitution. In 
Table XVI, the relative cose of euzymic hydrolysis of several tdpha and 
beta glucosides with the same aglycou groui>s ait* compared. 114 

In spite of the importance of the a-glucosidasrs in relation to tlicir action 
on the produrts of diastatie hydrolysis of Rtnrchcs, (his group of enzymes 
has not received much study, and they would seem to provide a desirable 
and important field of investigation 

8. Enzymic Synthesis of Glycosides 

The hydrolysis and synthesis of a glycoside may lie represented by the 
equation : 

'» See 11 Pnngshcim and F. Lues, X physiol. Chun., S07, 241 (1932;, H. Wciden- 
hagen, 2, Ver. deal. Xurkrr-lnd , 78, 7S8 11928); S Ilratrin, Knzymologta, 8, 193 
(1940); K Aizawu, J. Bwrhtm. (Japan), SO, 39 (1939) 

IM U. llelferieh, 1'. Lamport and Ct. Kpanuberg, Bn 87, 13UR (1934). 
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HOG + HjO BOH + GOH R - alkyl group 

G - glycoeyj group 

The equilibrium constant, K, is given by: 

(ROH)(GOH) 

(ROG)(HtO) 

Obviously, the presence nf a high concentration (if alcohol facilitates the 
synthesis and high concentration of water the hydrolyHis. In the Fischer 
method for the synthesis of the glycosides (Chapter V), the catalyst is an 
acid, hut as shown by the excellent work of Hourquelot, Ildrissey and 
Bridcl, enzymes also may lie employed with some advantages over the use 
of acids. When acids tut 1 used, all the vurious iHomcrs are fonned, and the* 
equilibrium is very complex althougli certain constituents predominate 
under the equilibrium conditions. Hie enzymes are very much more selec- 
tive in their catalysis. Almond emulsin catalyze* the synthesis and hydroly- 
sis of 0-glueosides licrniw of the /J-glucosirinsc present, but no enzyme is 
piescnt for the synthesis ut «-gluco, sides (a-glurosidase). On the other 
hand, some yeast cmulsins (yeast n-glucosidase preparations) contain an 
active nr-glucosidusc and practically no ij-glurosidasc. As a result almond 
emulsin, a* shown by the cxwllent work of Bourquelot, may k l used for 
the selective synthesis of 0-glurnsidcs and yeast «-glueoflidase for the 
a-glueoside*. Hy this means, the following tf-glucnsjdes, among others, were 
obt uined in crystalline condition, in some instances tor the first time : ethyl, 
geranyl. rinnumyl, butyl, hexyl, 2-ethoxyethyl. mannitol, allyl, propyl, and 
glucose 0-D-glucosides. l “ Many a-glucosides, iiieluding the methyl, man- 
nitol und 1,2-propanediol a-glucosides, 126 havi l>eeii obtained by employ- 
ment of yeast cr-glm-osida.se a* a catalyst. 

For the synthesis of /f-glucosides, the reacti\ r torm of glucose ib 0-glucosc ; 
the concentration of thin form determines the reaction rate and the position 
of the equilibrium. 127 Tlie equilibrium constants for the synthesis of several 
glueosides an 1 as follows: 


0-GluoMkle 

Av. M 

Methyl 

0.149 

2- Ethoxy ethyl 

0.37R 

Mannitol 

0.051 


m E. Bourquelot and M. Bride], Ann. chim. phys., [H] #9, 145 (1913); B Helferirh 
and r. l4unpert, Btr 08, 2050 H935); 1. VintileHeu, C. Ionescu anil A. Kizyk, 
Bui 8rw chim. Rmtiftvia, Iff , 151 (1934); I. Vintilesru, C. lonesru and M Solomon, 
ibid., 17, 267 (1935) 

1M K. Hourquelot, Ann chim., 9, 287 (1915) ; 1. Vintilesru, C. Ionescu and A. Kiisyk, 
Bui. buc. chim. HomAni a, 17, 131 (1935). 

11T I. Vintilescu, G. Tonenru and A. Kiiyk, Bui. $oc. chim. Romania , 17, 137 (1935); 
Re?., 97, 990 (1934). 
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The specific action of the enzymes is advantageous in many applications, 
but it is also a limitation to their general use. Only a few types of glycoeideB 
can be synthesised by this method (glucoside, mannoside, and galactoside 
types) because of the limited number of glycosklaaes which occur in nature. 
These biological catalysts are also heat sensitive and insoluble in organic 
solvents. In special instances, however, their application is very advanta- 
geous. Thus, selective hydrolysis has been used to separate mixtures of fi- 
end 0-glucosides and of methyl fructoaides, 128 and the enzymic synthesis of 
glucosides and galactosides has l>een made the basis of a method for the 
determination of these sugars in plant extracts. 12 " 

9. In Vivo Synthesis of Glycosides 

An interesting group of experiments has l>een reported by L. P. Miller 
who has demonstrated that glurosides are synthesized in many plants 
when the aglycon is supplied in the nutrient solution or as a vapor in 
contact with the plant . Potato tubers, gladiolus conns and wheat synthesize 
2-chlorocthy) jtf-glucoside when exposed to ethylene chlorohvdrin. 1 *" Al- 
though gentiohiosc is not known to occur in gladiolus conns or tomatoes, 
the presence of o-chlorophenol induces the formation ol the o-chlorophenyl 
jrf-gentiobi aside by theso plants. In the presence of botli o-chlorophenol and 
ethylene chlnrohydrin, both 2-chloroethyl ^-glucoside and e-chlorophenyl 
0-gentiobioside are synthesized simultaneously by gladiolus cornix. 1 * 1 Pottle 
gourd (Ijujvntma leucantha), radish, com, tobacco and dandelion plants 
form 2,2,2-trichlororthyl 0-D-gluroside from added chloral hydrate. 118 
The glycosides are separated as their crystalline acetates from the juices 
of the plants after the treatment. Previously, similar results had been 
obtained by ('huuieian and Ravenna 14 * who iuoeulnted inuizc and other 
plants with phenols aud separated the corresponding glucrjsides from the 
plants. Thus, the injection of saligenin resulted in the synthesis of salicin. 

Many phenols and alcohols when injected into animals ure detoxified by 
conjugation os glucuronides, the glycosides of glucuronic acid. Phenol- 
phthalein, cinnamic acid and sulfnpyridinc when injected into rabbits mi iy 
be lTcnvm'fl from the urini' u* the roiTCHpunding ( 5 liii , uroni<lpi».' ,< Thin 

l, ‘E E. uni] K. V. Armstrong, “The ('nrlinhydratefr," p. 21; Isingmniih, (Srpcn 
and Company, Xen York (HMD; C II I’urvps and ( ' S Hulls mi. J 1m ('hi'i)i. S<f 
86, 702 , 708 , 1060 , 1072 ( 1084 ). 

111 M. Bridel and J Cliarpenlier, J pharm rhim. |7] SU, 33 (1021) 

L. P. Miller, Conlrib. Boyce Thompson Inst., It, 26 (1041) 

>•> L, P. Miller, Ctmtrib. Boyce Thompson Insl., It, 163 (1041 ) 

*■ L. P. Miller, Contnb. Boyce Thompson Inst., It, 167 (1011); It, 360, 466 (1042); 
IS, 1B5 (1043). 

111 G. Ciaraician and G. Ravenna, j4ltt fi. Acad. Luicci, 18, 3 (1016). 

«• R. T. Williams, Biochem. J., 84, 272 (1040); ) A. I)i Somma, J. Biol. Chun , 
188, 277 (1040) ; I. Snapper, T. F. Yt), and Y . T. ('hiaiiK, Pror Sur. Kxptl. Biol Med , 
44 , 80 (1040); J. Soudi, Science, 81 , 486 0040) 
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procedure is suggested for the preparation of glucuronic acid. Sint* rf- and 
7-mrnthol and d- and J-isomcnthol are conjugated under the above condi- 
tions to different extents (the formation of the d-menthol anti rf-isomenthol 
glucuronidcs Iwing greater), the biological method may lie utilized for the 
resolution of the inactive materials. 1 ” 

10. Bourquelot Biochemical Determination of Glycosides and Oligosac- 
charides in Plant Materials 136 

An interesting method has been used extensively by Bourquelot, Bridcl, 
lldrissey and associate* for the analysis of glycosides and oligosaechuridcs 
in plant materials. The method depends upon the selective action of enzyme 
preparations from various sources in hydrolyzing certain of the components 
of plant extracts. Yeast emulsin (invertuse) is usually used first and is 
followed by almond emulsin. Enzyme preparations from other souices such 
as Ithamnun cafharlica emulsin (also called rhamnodiastase) and mustard 
seed emulsin have special applications. The yeast emulsin (invertasc) 
hydrolyzes sucrose and oligosaccharides such as gentianose, mflinosc and 
btarhyose which have sucjo-c linkages in the' molecule. Almond emulsin nets 
on 0-glucosides, 0-galactosides, a-manuosidc * and to less* i extent oil «- 
galaclosides. EmuKin* prepared from plants of the lthanuuis type* ap- 
parently rontain disaccharidases which hydrolyze' glycosides of primveruse 
(0-glucosr (tf-D-xyloside) and rutiuose (G-glucosr fj-\ -rhamnoside) into 
disaccliaridc and aglycon. Those from the mustard seeds have sjH'cial 
enzymes hydrolyzing thiogly cosides. Hydrolysis resulting from each ol the 
treatments is shown by measurements of the reducing power and of the 
optical rotation More and alter each treatment. These results are expressed 
quantitatively as the “index of enzymic induction” which is the amount of 
reducing sugar iorme*d iM*r degree of lotation change (reducing sugar in 
grams/chunge of rotation piuduccd by the enzyme) under specified condi- 
tions. This index differs for the various glycosides and compound sugars 
and may In* list'd fur the* qualitative and quantitative estimation of the 
substances present in the plant extracts w hen too many are not present. The 
existence of many glycosides and oligosacelmrides have Ik'cii demonstrated 
by this method, many lor th<' first time, and many plant species have been 
investigated. In 1920, Bourquelot summarized the results of the application 
of the method to 281 species of phanerogams and reported that 205 of these 
species contained glycosides hydrolyzable by almond emulsin. All were re- 
ported to rontain sucrose, and raffinose and slochyose were common con- 
stituents. 

18i R. T. Williams, Biovhem. J S 4, 48, 000 (1040). 

IJ * E. Bourquelot, Com pi tend , 171 , 423 (1020) ; M. Bride! and t 1 Charaux, Pkarm. 
Acta Uelv , 1, 107 (1020); V. Itfguin, ibid., 1 9 65, 00 (1026) 
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In parrying out the hydrolysis in alcoholic solution it w uh observed that 
the hydrolysis was incomplete and this led to the discovery of the syn- 
thesizing action of enzymes mentioned above. The enzymic synthesis then 
was utilized in methods for the biochemical determination of glucose and 
galactose by converting them to the corresponding glycosides. 

In its present stage of development, the biochemical method probably 
leaves much to lie desired, but additional study should make it a valuable 
tool for the anulysis ol the complex mixtures occurring in plant extracts. 
Methods 127 for the estimation of mffinose in the presence of sucrose have 
been desrrilied which depend on selective enzymic hydrolysis. 

1,1 (' 8 Hudson and T S I larding, J .lm ('him. Hoc , 97, 2193 (1915); H. 8 
Paine and K T Ball'll, Inti Euq (’him , 17 , 210 (1925) 



CH VITER XII 


CLASSIFICATION AND DETERMINATION OF STRUCTURE 
OF THE POLYSACCHARIDES 

The polysaccharides ore a group of substances widely distributed in the 
plant kingdom but also found in the animal kingdom. They serve ns re- 
serve buI stances for the metabolic needs of living organisms and as struc- 
tural materials in plants. They are sometimes defined as materials which 
on complete hydrolysis yield two or mine molecules of monosaccharides. 
However, it is difficult to give an arrurate definition because the properties 
usually associated with a polysaccharide gradually rrvert to those of thp 
simple sugars us the molecular weight decreases. In a preceding chapter 
(Chapter X), the simpler members of a series of polymerized sugars were 
defined as oligosaccharides, in conformity with the suggestion of llelferich. 
Tn agreement with the previously given definition for the oligosaccharides, 
the polysaccharides might t>c defined as polymerized sugars w ith glyeosidic 
intermolecular linkages and with more than nine monosaccharide residues 
in each molecule. However, as more intermediate substances become known, 
it may be necessary to alter this lower limit. 

The most important polysaccharides aie cellulose, March and glycogen. 
Cellulose and starch have received a great deal of investigation, and at 
least the main details of the sliiietures seem firmly established. Because 
of the amount of material available for starch and cellulose, they are con- 
sidered separately in the follow iug chapters. Although many of the other 
polysaccharides are of appreciable industrial and biological importance, 
much less is known about Ihein. They an* considered in ( 'hapter XV. 

The most common sugar constituent of polysaccharides is D-glurosc. 
However, D-mannose, d- and n-galuctosc, n-xylose, L-arabinose, and three 
uranic acids (glucuronic, galucturonic, and mannuronic) and glucosamine 
are found among the hydrolysis products of polysucclmridcs. Tn cellulose 
and starch, 011c type ol monosaccharide residue (n-ghirosr) is present. But 
in other products, notably in the plant gums and hemioellulosoH, a number 
of different types of monosaccharide n*sidu(*s an* present in the individual 
molecules. 

A variety of structures oeetir in the various polysaccharides. Homo appear 
to lie straight -chain polymers; others ore highly branched. The intra- 
molecular linkages frequently are of the cellulose and starch type, 1,4', but 
other types often are encountered. Thus, yeast mannan lias 1 ,2' glyeosidic 
linkages; inulin has 2,1'; yeast dextran has 1 ,3'; alginic acid has 1,4'; 
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peanut araban has 1,5' ; and a bacterial dextran baa 1 ,6' linkages. Pyrano- 
aide rings an moat commonly encountered, but furanoside rings have been 
deecribed (inulin and arabans). 

Although many of the polysaccharides have trivial or phytochemical 
names baaed on their source, such as cellulose (from oellula, L., diminutive 
for oell) or inulin (polysaccharide from plants of species of Inula), a more 
systematic procedure involves the replacement of the “oec” in the 
of the corresponding monosaccharide by “an.” Thus, polymers of mannose 
are mannuns and of xylose are xylans. Polymers of glucose might be desig- 
nated glucans, but the more common term is dextrans. The nomenclature 
of the pdlyBaccharides remains in a chaotic condition, but until the struc- 
tures We received additional investigation, systematises is difficult to 
achieve. 

The classification presented below makes its primary separation on the 
number of monosaccharide types present in the molecule. Members of the 
first class (humopolysaccharides) give only one monosaccharide type when 
completely hydrolyzed. This class is subdivided accoiding to the type of 
monosaccharide present. The second class (heteropolysaccharides), which 
consists of polysuccharides giving after hydrolysis more than one monosac- 
charide type, is subdivided according to the general source of the material 
because at present very few structural generalizations can be made. A 
second classification, also given, is based on biological function. 

1. Structural Classification of file Polysaccharides 

(1 ) llomopolysaccharidrs derived from single monosaccharides. 

u. Glucose polymers: 

Cellulose, lichenin, starch, glycogen, bacterial and yeast dextrans. 

b. Fructose polymers : 

Inulins, levans. 

c. Galacturonic acid polymers : 

Pectins of fruits, Ixsrrics, sugar Iwets, etc. 

(/. Polymers of mannose, galactose, xylose, i -arubinoee, mannuronic 
acid: 

Manna ns, galactous, xylans, arabans, alginic acid. 

r. Glucosamine polymers : 

Chit in of Crustacea, fungi und insects. 

(2) Heteropolysaccharides derived from several monosaccharide types. 

a. Hemicelluloses and cell-wull polysaccharides. 

b. Mucilages, gums and gel-forming substances. 

c. Polysaccharides associated with proteins and/or microorganisms: 

Mucopolysaccharides and glycoproteins. 
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2. Classification Based on Biological Function 

(1) Structural polysaccharides: 

Cellulose, ccllulosuns and pectins of plants. 

Chi tin of Crustacea, inserts and fungi. 

(2) Reserve polysaccharides : 

Starch, glycogen, inulin, lichrnin and ivory nut mannan. 

(H) Polysaccharides with unknown functions: 

Plant gums (possibly of pathological origin). 

Mucilages. 

Bacterial and fungal polysaccharides (many exhibit inununologicul 
reactions). 

3. General Procedures for the Determination of the Structures of die 

Polysaccharides 1 

The first step in the determination of the structure of a polysaccharide 
is the purification of the product. Unfortunately, this process is one of the 
most difficult procedures. Cellulose, particularly in rottou :uid other fillers, 
probably is the purest naturally occurring polysaccharide. 1 n polysaccharide 
mixtures such as wood and plant gums, (he separation of the constituents 
usuully is based on a fractional solution of the components and their frac- 
tional precipitation from solution. Tlic efficiency of fractional precipitation, 
however, depends greatly on the choice of solvent mid precipilants, and 
with some combinations no separation will result. 2 For rupraminonium 
solutions of cellulose, acetone precipitates fractions of successively lower 
average molecular weight, whereas sodium potassium tartrate produres no 
separation. Fractionation efficiency also depends upon the solute concen- 
tration, but below 2 °/ ( concentration the effect seems to be negligible. In 
many cases, it can lx* questioned whether the methoils in use* give adequate 
separation of the components, and there is considerable need for improved 
methods for the isolation of pure polysacctmride components under rendi- 
tions such that no degradation takes place. 

When purified, the polysarcharides may hr hydrolyzed to the component 
monosaccharides by the artion of acids. If only u single monosaccharide is 
produced by the hydrolysis, the identification and analysis are not difficult. 
When several different monosaccharide types are produced, the identifi- 
cation and quantitative determination an* much more difficult problems. 
Improved qualitative and quantitative methods for the estimation of the 
components of sugar mixtures are needed badly. When the molecule con- 

1 K. Anderson and L Sands, Advanrrs tn Carhohydiatr i'hem., 1, 320 (1045). 

*1). R. Morey and J. W Tamblyn, J. Phys. ('hem., BO, 12 (1040); O. A. Battista 
and W. A Sisson, J Am Chem Noe , 08 015 (1046) 
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tains uronic acids, care must lie taken that the acids are not destroyed 
during the hydrolysis process. For u discussion of the identification of the 
sugars, see Chapter III. 

Valuable information often may be obtained by a study of the products 
of partial acid or cuzymic hydrolysis. The identification of disarcharides 
in such mixtures provides direct evidence for the nature* of the glycosidic 
linkage lictween the comp >nent residues of the polysacrlioride. For ex- 
ample, collobioso is n product of the partial acid hydrolysis of cellulose. 
It may be assumed then that the ccllobiose type of linkage (JJ 1 ,4') occurs 
in cellulose. Similarly, the isolation of maltose* from the pioducts formed 
by the action of enzymes on starches provides evidence for the a 1 ,4' link- 
ages in starches. However, caution must be exercised; true hydrolysis 
products must 1 m* distinguished from products synthesized by the action 
of the acids or enzymes. Thus, fructose anhydrides formed by the action 
of acids on inulin and the Hrhurdingcr dextrins formed by the action of 
certain enzymes on starches are knuw n to Is* secondary, reversion products 
of the hydrolysis. 

Certain of the polymeric linkages may bo less resistant to hydrolysis than 
others. A study of the sugars formed in the initial stages of the hydrolysis erf 
heteropolysaccharides may provide information concerning these linkages 
and the positions of certain of the monosaccharide units. Thus, during the 
mild hydrolysis of the water-soluble aralxi-galactan from larch wood, the 
first residues to lx* eliminated are n-nrubinose units, which must be in 
terminal positions in the moleeule. 

An interesting relationship between optical rotatory power and structure 
lias been demonstrated lor glucosides and glucose polymers by Reeves,' 
This relationship may have an application in structural studies. Although 
the specific rotations of tlx* four 2, 3, 4 and O-monuinethyl derivatives of 
methyl /H-glucoside are similar in value (see Table II, the rotations of the 
same compounds in cuprommonium solution are markedly affected by the 
position of the methyl group. In the ruprammonium solution, the 2-mcthyl 
and the 0-m n thyl derivatives an* much more dextro-rotatory, and the 4- 
methyl derivative is much more levo-rotatory than when in aqueous solu- 
tiou. The 3-methyl derivative shows only a slight difference in rotation in 
the two solvents. Cellulose, starch and glycogen, with 1,1' linkages, have 
optical rotations resembling thul of the methyl 4-methyl-/3-gIueoside. 
Laminarin behaves like the methyl 3-mcthyI-0-glucobide ; this correlation 
confirms the chemiral evidence for a 1 ,3' linkage for this polysaccharide 
(sec Chapt. XV). 

A. End Group Analysis. A chain polysaccharide molecule lias two end 
monosaccharide residues wliich differ from the inlcnn*diate monosuc- 

1 It. R. Reeves, J. Bull. Chew . ffl, 49 11044) 
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divide residues in having an extra unsubstituted hydroxyl group or a 
reducing group. For the intermediate monosaccharide residues, these groups 
are blocked by the connecting linkages. Methods have been devised for 
the determination of these “end groups.” Although not of great importance 
for the original purpose of determining molecular weights, they are ex- 
tremely valuable for measuring the extent of branching in the molecule. 
The amount of “end groups” in a long chain polysaccharide u too small to 
give an accurate estimate of the molecular weight. However, when there is 
an appreciable amount of branching, measurement of moleculv weights by 
pbysical-chcmical methods and of “end groups” by chemical methods 
provides an estimate of the number and average length of the side chains. 
The following hypothetical example illustrates this application. The number 


Table 1 

Optical Rotations m Water and Cvprammonium Solution 


Substance 

Will 



W | 

Cupr.mM.tam 

Methyl 2 methyl 0-glucosido 

-60 



+986 

11 3- 41 

u- 

-46 



-86 

n ii 

.0. ■■ 

-36 



-1008 

n H 

-ft- 41 

-48 



+161 

Cellulose 


-46* 



-1200 

Soluble starch 

! 

+375 



-716 

Glycogen 

I 

| 4366 



-597 

Lam inarm 


| -20 

i 

1 

+34 

■ In 1 :1 mixture of water and Triton B 


of glucose residues in a ]>olysaccharide as given by the osmotic pressure 
method is 200. The number of groups which terminate chains is found to be 
20 for each two hundred glucose 1 units (10% tctramethylglucose). These 
results indicate the existence of 20 chains in the molecule each averaging 
10 residues in length. 

A large numlxT uf polysaccharides have been investigated in this fashion In 
succeeding rhapteis the results arc outlined. It should he remembered that in the 
present stage of development in this field, the stiucture of polysaccharides as given 
in the latei chapters must be considered as provisional only. Even if the results 
reported for the various polysaccharides are substantiated by further work, it is 
not possible to ante definite formulas because of the various possible structures 
which may be written for each of the compounds. Further progress in this field re- 
quires the development of more accurate methods for the determination of moleculv 
a eights and of end groups It is particularly important to find methods for dis- 
tinguishing between single and multiple branched structures; at the present, it is not 
possible to distinguish between single branching and multiple branching 
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Aldoecs may lx 1 determined quantitatively by oxidation with iodine in 
alkaline solution. The method was applied by Bcrgmann and M ache me r 4 
to cellulose and was assumed to measure the number of reducing (hemi- 
aoetal) groups. Later workers have criticised the method liecausc the 
iodine consumption increases with the time of reaction and, hence, i’b not 
stoichiometric. A critical study* of the reaction of iodine with cellulose and 
partially hydrolysed cellulose has shown that several reactions are involved 
and that the primary reaction involves the oxidation of the reducing groups 
(hemiaoetal groups) to carboxyl groups. As the effects of the slow secondary 
oxidation can be determined, the method may be used to estimate terminal 
reducing end groups. The results obtained for various partially hydrolysed 
celluloses agree well with those obtained by the viscometrie procedure. 
Cotton cellulose exhibits no oxidation under these conditions when correc- 
tions lire made for secondary reactions. 

For lllOt-oxidised cellulose, and probably other oxyoelluloses, the 
alkaline iodine methods are not applicable because or the instability of the 
original products to alkali* (Bee also under Qxyeelluloses). Starch dextrinB 
from eommereial com sirup give chain lengths by this method agreeing 
with the number of rarlwxyl groups produced as measured by titration and 
by analysis ot the potassium salts. 7 

A common method for the testing of cellulose products is the determina- 
tion of the so-called “copper number,” originally suggested by Schwalbe. 1 
The “copper number” is determined by heating the product with an 
alkaline copper salt solution and measuring the copjicr oxide formed. As a 
qualitative test, it may have some value, but the results are difficult to 
interpret sinee the reaction is not stoichiometric and since celluloses are 
oxidised by air in alkaline solution. 

A somewhat similar empirical test, useful ior characterizing polysac- 
charides, is the alkali-lability determination used ior starch products.* 
The alkali-lability is defined as the number uf ce. of 0.1 N sodium hydroxide 
consumed by 1 g. of starch during digestion in the alkali for 1 hour at 100°C. 
The results arc an empirical expression of the acids produced from the 
terminal reducing gioup by the artion of the alkali. The method provides 
a sensitive expression of the degree of degradation in a given polymeric 
series 

1 M llergmann and J1 Marhemer, Bti , 65, 316, 2304 (1930) 

• A It Martin, L Smith, B L Whistler and M. Hama, J Research Natl. Bur. 
Standards, 37, 449 (1941); II A. Rutherford, F W Minor, A R Martin and M 
Harris, ibid., 39, 131 (1942) 

' £. Pacsu, Textile Research J , 16, 103* (1946). 

T M Levine, J. F. Foster and It M. ilixon, J Am. Che m. Bor., 64, 2331 (1942) 

'Sop D A Clibbens and A Geahe, J Textile Inst , 16, T27 (1024); J O Burton 
and R H Rsnrli, Bier Standards J Rrsrarrh, 6 , 603 f 1931). 

•T 4. School, and (’ C Jensen, Ind Eng Chrm,Anal it'd , it, 631 (1940; 
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The carboxyl groups produced by the oxidation of aldehyde groups with 
Folding solution provide another method for the estimation of end groups. 
Methylene blue- and base-binding rapacity have l>een used for the measure- 
ment of the numlier of carboxyl groups. 10 

Iiemiacetal groups react with amines and hydrazines (see Chapter IX). 
For cellulose, the N -content of the phenylhydrazine derivative is a measure 
of the number of end groups. 11 Also, the nitrogen atoms introduced in this 
manner can he used to fix acid dyestuff ions which subsequently can be 
removed and determined by colorimetric methods. The latter procedure 1 is 
said to be quantitative and to give results with hydrocellidoses that agree 
with molecular weight determinations made by physical methods (osmo- 
metric, etc.). 12 For starches, adsorption of the reagent occurs and invali- 
dates the method. 7,13 

Periodir acid oxidation of polysaccharides having 1,4' linkages bctwmi 
hexose units should yield one 1 mole of formic acid per non-rcducing terminal 
residue and two per terminal reduring group (see p. 328 and 430). For 
ljO'-linked polysaccharides each residue linked in this manner also gives 
one mole of formic acid. The quantities of formic acid produced from various 
polysaccharides are in fair agi eement with determinations by other meth- 
ods. 14 For most starches there is one end group per 20 glucose residues. 
Cellulose shows at least 1000 units per chain, ami iimhn has approximately 
25 fructose units per chain. The amount of formaldehyde formed also has 
been ust'd 15 for studies of chain lengths. 

The conrurrent hydrolysis and mereaptylation ol cellulose's and starches 
lias been used by Wolfrom for the estimation of the molecular weights of 
these substances. 13 The reaction takes place in concent rated hydrochloric 
acid solution in the presence of ethyl mercaptan. Ethyl mercaptan reacts 
with the reducing hemiaretal groups of sugars and polymers with the 
formation of mercaptals (si 1 ! 1 under Mereaptuls). The sulfur content at 
various times after the commence ment of the reaction is measured and used 
to calculate the numlier of chain “ends.” Extrapolation of the results to zero 
time gives the numlier of “end groups’' in the original substance. The values 

10 K. lluhcmann and O II Weber, Nairn uibRcnurhajlrn, SO , 2S0 (1042). A M 
Kuokne, II. A Pul her ford, H.MurkimrlM Harris,./ ItiMarch Natl Bur. Standards, 
*0, 123 (1012* 

11 See. (*. J Hlauri and H LeH. Gniy, Ind Eny. Chcm ., Anal Ed , 1, K0 (1029) 

11 E. Geiger and A. Wilier, Ilrlv Chtm. Acta, 28, 1638 (1915) 

« F. Muller, Hdu. Chim. Ada, SO, 2J (1940). 

14 F llrown, S.Dunstan.T. G.HaUiAll.E L Hirst and J. K. N. Jones, Nature, 160, 
785 (1945) 

» C. J Caldwell and li M. Hixim, J Biol Chcm , 1SS, 595 (1938). 

»M. L Wulfroiu and J V. How den, J. Am Chcm. Soc., 60, 3000 (1038); M. L 
Wolfrom, J). R. M>era and E. N. Lassetl re, ibid , 61, 2172 (1939). 
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obtained in this maimer seem to l>c smaller than those obtained Iran 
viscosity measurements. 

One end group in a chain of condensed monosaccharide units contains one 
more hydroxyl group than the preeeding units. It was shown by Haworth 
and Mochemei 17 that methylution of glucose polymers followed by hydroly- 
sis gives trimethylglucose accompanied by a small amount of tetrumcthyl- 
glucose. The proportion of the two methyl sugars provides a measure of 
the chain length of the polysaccharide. The method has been widely em- 
ployed, but, in many instances, the results were not in agreement with 
those by the physical-chemical methods, in that much smuller molecular 
weights were obtained by the end group method. These discrepancies have 
been reconciled by the realization that branched chains may be present in 
the polysaccharide molecule. 1 ' The terminal group of each branched chain 
provides a molecule oi tetramethylghicose. Particularly for cellulose, the 
methylution must be carried out in un inert atmosphere to prevent degrada- 
tive oxidation. A more recent extension of the method allows the deter- 
mination of the number of monosaccharide units which carry side chains. 
For a glucose polymer, these w ould necessarily appear as dunethylglucoses 
if only one side chain were attuched to a main chain unit; for such a rendi- 
tion, the quantity of dimethylgluroae must be equal to that of the tetru- 
methylglucose. 

B. Structure of a Bacterial Dextran (an Example of Structural Analysis). 
As an example, the resultB 19 obtained from the structural studies on the 
dextran synthesized by the action of Lcucorwstoc mesentermdes on sucrone 
will be cited in detail. The methylation of the dextran is carried out first 
with sodium hydroxide and dimethyl sulfate in an atmosphere of nitrogen 
and completed in liquid ammonia solution using sodium and methyl iodide. 
The methoxyl content of the finnl product agrees with the theoretical \ aluo 
of 45.6 per cent. By treatment of the methylated dextran with hydrogen 
chloride in methyl alcohol at 140°C., the linkages between the glucose units 
are broken, and a mixture of methylated methyl glucosides are obtained. 
These compounds are separated into fractions by fractional distillation in a 
modified Podbielniak column. The results are tabulated in Table II. 

The isolation of the component? of mrvtuies of mcthylalril sugar? usuallv has 
been done by fractional distillation methods 10 Since t rimethylglucose is most solubli 
in water and tetramcthylglurose in rhlorotomi, a preliminary partition of a mixture 
of two compounds between ehlorolumi anil water may increase the efficiency ot the 

,T W. N Haworth and 11 Macheiner, J ('him, >Sik ,2270 (1032) 

“ K Hess and F Neumann, Her , 70, 72# (1937), W N llaworth, R K Montonna 
and S Peat, J Chtm Sot , 1809 (1930) 

11 1 Le\i,W L Hawkins and II llililierl , J l m ('hem Six ,04,1039 (10421 

J( See, for example 10 1, Hirst and Cl T Young, J Chtm Sot , 1217 '103a) 
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'4>|)aratii»o 11 Adsorption on silica gel or alumina followed by fractional elution pm 
\idrs a means of M'pa rating di , tn and tetra methvlglu roses or their aroyl estera 11 
This method appoan particularly promising 

The theoretical methoxyl contents of methyl di-, tri- and tetra-methyl- 
glucoeides are, respectively. 41.9, 52.6 and 62.0 per cent. Fractions 1, 3, 4 
and 6 are then essentially pure, but the much smaller fractions 2 and 5 are 
mixtures for which the composition is calculated from the methoxyl analy- 
sis. The nature of the fractions is shown by conversion to crystalline 
derivatives of known properties. The approximate molar ratios of the three 
products is found to be: methyl 2 , 3-dimethylglucoside, 1; methyl 2,3,6- 
trimethylghiroside, 3; and methyl 2,3,4 ,6-tetramethylgIucoside, 1. Al- 
though these results do not lead to an unequivocal structure, they fix the 
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general pattern. As the basic repeating unit iB composed of five glucose res- 
idues, the side chains cannot be longer than four glucose units. If the side 
rhains have lour units, the main chain consists of glucose residues each at 
which curries a side chain (Formula I) and which are responsible lor tho 
ilimethylglucosc produced. The side chains cannot be shorter than the one 
glucose unit which yields tho tetramethylglucosc found in the analytical 
procedure; in this limiting case, the units with three unsubstituted 
hydroxyls must lie in the main chain between those carrying the side chains 
(Formula II). It is not possible at present to distinguish between these pos- 
sibilities or any intermediate type of structure, e.g., two units in the Bide 

»>J \ Moi-dmittld J 4 in Chen, Not ,57,771 Il'KKS) 

J1 K J SiiilM'ig 1 tucrhai h and R M Ilivrn, J lm Chi m hoi hi, 312 (1945), 

J KN J mu- J (him So, , 33H (I!M1|, I) .1 Hell, ibiii . 17.1 (I'UI), J K Mart/ 

as c lilt l 11 M C-ii lies mil F I' I'miIcv J lm Chan Km hi JW>7 M'll.1) 
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chains and one between the glucose residues in the main chain to which the 
eide chains are attached. 


i-4' r-4 

glucopyranose 

6* 
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(gluco]iyranofH')i 

(I) 

r-4 1-6' l'-C 1-4' 

— eluropviunoHe — ( — glucopyranosc — )i — glucopyrunuHC — — 

16 
V 

glurop\ ravuwc 

(IB 

(Twu possible repeating units) 


4. General Procedures for the Determination of the Molecular Weight of 

High Polymers” 

One ut the most important and mOBt difficult of the problems concerned 
with the elucidation of the structures of the polysaccharides is the deter- 
mination of the molecular size. Considerable progress has lieen made in this 
din'd ion, but then* still remain many points of disagreement particularly 
for tin' less studied polysaeeliarideH. The problem is complicated by asso- 
ciation of molecules to form “Bupeimolecular” aggregates, but aggregation 
euu be overrom n in most instances by extrapolation of the observed results 
to infinite dilution where association is at a minimum. Kraemer* 4 lias pro- 
vided evidence showing that for cellulose true molecular weights are meas- 
ured under the proper conditions. Thus, corresponding moleculai weights 
an obtained fur n cellulose, the partially and completely acctylutcd prod- 
ucts derived from it and the regenerated relluloso obtained by deaeetylation 
The same conclusion is drawn from the identity of tin* moleculai weights 
ot a cellulose acetate in various solvents. 

Anothei difficulty arises from the inhomogeneity ul many polysaeeliaride 
products, and many reported results are of doubtful significance. Physieal- 
elirinicul methods baaed on counting the molecules (osmotic pressure, 
Ircczing poml depression, etc. ) and purely chemical methods give “numbei- 
average” molecular weights which are affected principally by the BmaUer 
molecules present. On the other hand, the viscosity method gives a “weight • 

Jl h H Mevei, "High Polymers," Vol 4, P 12, Intererience Publishers <19421, 
M Sumer, KulMd-Bnhtflr, 61, 87S (1940); C B Purves (Editor: K Olt), “High 
l**>tj luefb,” Vol 6 p RR; Intorarienre Publishers (1943); H. M Spurlin, ibid., Vol 6 
p 910 (1943). 

14 K O. Kraouer, Ini. Hug. Chtm., 10, 1200 (193B). 
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average” molecular weight mainly dependent on the larger molecules. 
Both types and still a third type, ”Z-avcragc” molecular weight, are ob- 
tained from ultracentrifugal data. Lansing and Kraemcr” define these 
various molecular w eights os follows: 


\uniber average, M« 


Weight average, Af„ 


Z-avoraRp, M f 


23 (jU-Mi) _ ^3 w»_ 

Z «, Z (w./Af,) 

Z _ Z (h»,A I f,) 
Z(-.lf.) Zv, 

Z_ («.«!) _ Z (ir.JtfJ) 
Z («. mV ” Z (ip.*#,) 


(/i, is the numlier of molecules of molecular weight A/„ unil w, is the total 
weight of the molecular species “i.”) 

The degree of homogeneity of high polymers requires more consideration 
than 1ms sometimes boon the case. No estimate of the nunilier-uverage 
molecular weight can lie made from viscometric measurements ol products 
ol unknown homogeneity. For u perfectly homogeneous polymer, the ratio 
A/, jlf„ is unity; the ratio increases with the heterogeneity with rospert 
to molrrukir size, and the value oi the ratio may lie taken as n measiire 
ot the heterogeneity. This ratio is an important characteristic for the evalu- 
ation ol commercial products. A certain amount ot polymolcrulority may 
lie desirable in some produrts although usually the presence ot materials 
oi extremely low molcrular weight may affect the* properties adversely * In 
general the most significant measure is the numlier-uvcrugc molecului 
weight (or degree of polymerization). Thus, the meehanicul properties ol 
films prepared from a Heries of cellulose acetate tractions and blends of 
fractions have lx*on shown” to lie related to the numlier-avmge degree of 
polymerization (D.P.) rather than to the weight -average D.P 

A. Osmotic Pressure Method. In very dilute solutions, the osmotic 
pressure is directly proportional to the concentration of the solute and 
inversely proportional to the moleculur weight . According to the % an’t Hoff 
equation : 

11 \V I) Lansing anil K U. Kracmer, ,/ .tin C/ieni .S'rir , 57 , liltifl (1H.V)I See also 
I Julluudci, .title Ktmi, Mwiitil Giol . HA, Nn S (1015), ('him .lhot , <0. 2C4 
llOfO) 

*11 M Spurlin in “Cellulose anil Cellulose Derivatives,” (E Ott, Editor) 
p. 1)30, InteiM'ience Puhlibhers, Ine., New Vink (HM3), A At SooLne and At Harris, 
/. Rtxcmih \nll fiur Staruiauis, 34, -tfi'J CI!H5) 

11 \ At Sunk op and At Harris,./ Rfhtatch Sail liui filuitdairib, 34, 4li7 (1!)I5) 



STRUCTURE OF THE POLYSACCHARIDES 


523 


if - nr/{r/c),..» - J4.63 X W/lw/e),^ (at T - 2B6 r A't, 

M = molecular weight; 

c = concentration of solute in grams per 100 ml. ; 

* = osmotic pressure in grams per cm. 2 

This equation is strirtly valid only at infinite dilution, and considerable 
error may lie introduced by using values obtained at finite concentrations. 
For the extrapolation to infinite dilution, a number of equations relating 
osmotic pressure and concentration have been suggested. 14 The extra* 
polation may be made by plotting x/c vs. c and using the extrapolated 
value of x /c at infinite dilution, (x/c) c _a, to calculate M. 

Maximal molecular weights determinable by this method arc of the order 
of 500,000; measurements on substances with greater molecular weights 
are mnde inaccurate by surface tension and temperature influences. Several 
types of apparatus for the measurement of osmotic pressure have been 
described.*' 

Results of the application of thr osmotic pressure method to cellulosp 
and starch are given in later chapters (see p. 532 and p. 570). 

B. Ultracentrifuge. 30 In a gravitational field, particles and molecules dis- 
tribute themselves in height according to the well known law of barometric 
distribution: 


*•»(*-*) 

P -P a c RT 


M = molecular weight 
g = gravitational constant 
P and P„ are the pressures at the heights h and h i fl . 

In the classical experiments uf Perrin, this formula was utilised for the 
determination of Avogadro’s constant (iV) by measuring the distribution 
of microscopir particles under the influence of gravity. 31 In the ideal case, 

11 Wee: K. II. Meyer, lor. cit."; A. Bartovirs and II. Mark, J. Aw. Chtw. Stir., 65, 
1DM (1043). 

" H. O. Herzog and II. M. Hpurliu, X. phynk. L'hrm., Bndenslein Fpstbaml, 23!) 
(1931); S. 11. ('itrler and H. It. Record, J. Chrm. Nor., 660 (1939); It. 10 Mnntonnn 
and L. T. Jilk, J. Phya. Chrm., 45. 1374 (1941); (i. V. Schulz, Z. phynk. Chm..Am, 
317 (1936); It. M. Fuobh and T). J. Mead, J. Phya. Chrm., 47, 59 (1943). 

"Tin* Hvedherg and K. Pedersen, “The Ultracrnlrifuge;" Oxford I'uivereity 
Press (1910); The Svcdbcrg, Inti. Eng. Chetn., Anal Ed., 10, 113 (1038i; C. (). Beck- 
mann and Q. Landis, J. Am. Chem. Nor., ( 11, 1495 (1939); II. Bomke, Naluneiaaen- 
achqftm, 35, 135, 250 (1944). 

11 In (his cose, V is replaced by n, (he numbrr of particles in a unit volume, and 
M by .V-m where m is the mass of u single particle. 
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each component of a mixture distributes itself independently according to 
the above law. For molecules, thp variation of density is ho small that the 
method has no practical value for the determination of the molecular 
weights. However, the procedure can be utilized for large molecules by ex- 
posing them to centrifugal fields. High speed centrifuges and suitable pro- 
cedures lor thiB purpose have been developed. Svcdlxrg reports that fields 
of 400,000 times the force of gravity may be employed and that fields ol 
more than double thin strength have been attained. 

Krapmer* rites the following advantages of the ultrocenlritugc method 
over other methods : 

1 . “It has the same thermodynamic foundation as osmotic pressure or vapor 
pressure methods. 

2. It is accordingly not influenced by particle shape. 

3. In general it is not affected by solvation. 

4. Its sensitivity increases with increase in particle size. 

5. It can lx* used with complex solvents like cuprammonium with which 
osmotic pressure measurements would be very difficult . 

(i. It avoids difficulties associated with scmipermeablc membranes. 

7. It permits recognition of the uniformity or nonunilormity ot particle 
size, and it can give a quantitative rating of the degree of nonuniformity. 
K. For soluteh containing relatively small molecular w eight contaminants, 
it is much less adversely affected than osmotic pressure and other methods.” 

Sedimentation Equilibrium 

The method is applied by centrifuging a solution in a cell which is 
specially shaped to minimize convection currents and which is arranged so 
that light may be passed through the solution and lx* recorded in a direction 
perpendicidar to the plane of rotation. After equilibrium has been estab- 
lished between diffusion und sedimentation due to the gravitational field, 
the concentration of the solute is determined at several points in the cell. 
This may be done by measuring the light absorption (using ultraviolet 
light for polysaccharides) or the refractive index. Tlie molecular weight (M) 
is then calculated from the equation: 

’ (1 - Vp)(xl - *!)«* 


{V is tim partial specific volume of the solute ; p is the density of the solvent ; 
w is the angular velocity; and ci and ci are the solute concentrations at the 
distances xi and *i from the rotational axis.) Information concerning the 
homogeneity of the solute may be obtained by calculating the molecular 


* Quoted from 1 K O. Kraemer." 
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weight for a Dumber of values of “e" and "x." When only particles of a 
single size are present, the calculated values of “M” will remain rnnstaut ; 
otherwise, variations in “M" will be observed. 

Sedimentation Velocity 

A second method, which requires higher speed centrifuges, depends on 
measurement of the velocity of sedimentation. If the solute is homogeneous, 
a sharp boundary is obtained marking the upper part of the sedimentating 
solute*. The boundary moves away from the axis of rotation, and the velocity 
of sedimentation may be determined by measuring its position at various 
time intervals. The observed velocity is divided by w’x to give the serf men- 
tation contfant (8) which expresses the velocity for unit field strength at a 
given temperature and for a specified solvent. From 8, the molecular weight 
is calculated by use of the relation: 

M. HT - 

/>(l - V P ) 

Tin- u> lubiila have 1 he prr vi ounly defined si gni finance , the only new hi mbol being ‘ If," 
the diffusion constant. This constant is evaluated by measurinK the change of con 
(.-miration of the solution in a stationary lube an the solute diffuse*, into the pure 
solvent with w-hirh the solution forms a liquid boundary. 

11 the solute consists of several kinds of molecules, each will form a separate 
boundary, llcncc, the method may be used to measure the homogeneity of 
t he Miiute awl to determine the molecular weightB of each of the components. 
The presence of many different types of molecules is indicated by tin* 
presence of a diffuse boundary. Particularly for chain polymers of the lypo 
of many ot the polysaccharides, the observed molecular weight is dependenl 
on the concentration. Therefore, it is necessary to make measurements ui 
various concentrations and to extrapolate to infinite dilution. 

Results of the application of the ultracentrifugal method to cellulose and 
starch are given in later chapters (see p. 532 and p. 570 1. 

C. Viscosity Measurements. Ordinarily, the viscosity of solutions of sub- 
stances of a polymeric series increases with the molecular weight of the 
inemlx'rs of the scries. Staudinger, to whom much ol the credit tor the 
development of this method is due, has expressed an empirical relation 
connecting the observed viscosity (total**) and the molecular weight (M) i 

fay ■ Km'M'C, M ■ (v/c-Xa. 

The specific viscosity, ij,„ is calculated from the viscosity of the solution 
by virtue of the relation : 


to - i - w.1 


IhIsmI 
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The concentration, c, is expressed in moles of basic structural unit per liter, 
i.e., moles of in the case of cellulose and starch. When the concen- 

tration is expressed as g/l = (c^), the degree of polymerization (D,P.) is 
obtained. The degree 4 of polymerization expresses the number of baric units 
in the molecule. The proportionality constant, K m , shows fair constancy 
for u given polymeric series but varies for different series, solvents and 
temperatures. Originally K m was evaluated by Staudinger for several lower 
meml)ers of a given series and was assumed to hold for the higher meml)crs 
of the same series, but considerable error is introduced by such a method. 
A tatter procedure involves the deiennination of the molecular weights 
of several meintars of the series by methods having a tatter theoretical 
basis ( r.g ., by measurements with the ultrncentrifuge or an osmometer) 
and the use of these values for the evaluation of K m from the visrority data. 
Since viscomotric measurements give “weight” averages and the other data 
other types of averages (see al>ovc), the values obtained for inhomogeneous 
products require care in their interpretation. The more convenient viscosity 
method then is employed for the determination of the molecular weights 
for other raemtars of the particular polymeric series. Kccau.se of its ease 
of application, the viscometric method has liccn widely employed for the 
characterization of commercial cellulose products. 

The relation tat ween viscosity and molecular weight has been tested for 
a scries- of crystalline polyoxyethylene glyrols ; except for the lower meintars 
of the series, the Stnudingcr equation has Itcen iound to apply. 1 w If another 
constant (p) is added to the equation giving it the form ri. p /c = K-M + 0, 
the relation tatween the viscosity and the 1 molecular weight may Ik* ex- 
pressed over the entire range studied. 

Although the Stnudingcr equation and its modiliral ions wen* empirical 
in origin, theoretical equations of the same form have been derived for the 
specific viscosity of a dilute solution of randomly-kinked chain molecules.* 4 

Although Stuudinger assumed originally that in dilute solution the re- 
duced viscosity (ij* p /c) is independent of the concentration, a considerable 
variation frequently is observed at the smallest usable eoneentrations. A 
more characteristic quantity is the “limiting viscosity” of K. Meyer which 
is obtained by extrapolating r to zero concentration. It is symbolized as : 

InnWorM 

'-■L c J L c 

Other methods of correcting for concentration effects are desrritad by 
Meyer. 2 * 

” It. Fordyce and H. Hibbert, J . Am . Chem Soc , tit, 1912 (1939). For additional 
discussion of the relationship between viscosity and molecular weight bop: P J. 
Flory, ibid , 66, 372 (1943); A. Bartovics and H. Mark, ib\d., 66, 1901 (1943). 

11 M L Huggins, J. Am ('hem. Snr., I U, 2716 (1942). 
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Resultfi of the application of thih method to polyhoccli&rides are given in 
later chapters (Cellulose, Starch, PectinB, etc.). 

D. Light Scattering Method .* 1 u When light waves pass through a solu- 
tion, the well-known Tyndall effect results from the vibration of loc *>ly- 
bound electrons and the emission in all directions of radiation having the 
same frequency as the original l>eam. For particles small in comparison 
with the wave length of the light, the light will be scattered symmetrically 


Tabll III 

Molecular I leiyhh and Ihnuntwns of Cellulose Art late Fractions 


1 rdi twin 

Mol Weight J 

1 

Distance Betarra fnds (A) 

ASbUmiDR 



Light 1 

Mattering 

l Osm 

pressure 

Rigid rod 11 

Random coil" | 1 ull ex tension 13 

SI) 

173,000 

163,000 ' 

1000 | 

1 i:tio 

3100 

231) 

1.13,000 

133,000 

1900 ' 

1340 | 

2400 

181) 

77,000 

76,000 

1560 1 

1 1120 | 

1410 

321) 

60,000 

65,000 

J550 

1120 

1260 

311) 

1 62 000 

i 

1380 

%0 

1000 


* Hoot mean square value Irimi dissymmetry fort or 
1 Mol Wt /length of f'rllmO, unit (5 1 A) 


in oil diiections. The tesultuig turbidity is lcluted to the size ol the scatter- 
ing particles according to the equation: 

„ c 1 2/f 

"r ~ AT, *RT e 


If - 32 irW 


( dn/dc ) 2 

D 


r = turbidity 
n — refractive index 
c = concentration 
A = wave length o[ light used 
A'o = Avogadro’s numlx»r 

M % = molecular weight oF the scattering particles (solute) 

B - deviation from van’t Hoff's law as expressed in the equation 
for osmotic pressure (it = KTc/M + Be 2 ). 

The above equation is linear in form (y * b + fl-r) and a plot of Hc/t vb. c 
should bo linear with the intercept as 1 /Mi For the molecular weight de- 

** P. Debye, J Applied Fhi/s , IS, 156 (1944) 

“R K Stein and P. Doty, J. Aw Chem. Foe , 08, 150 (1946); 
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termination, measurements of thr refractive index (»), of the variation of 
» with concentration and of the intensity of the scattered light are required. 

In the derivation of the above equation, it was assumed that the sue of 
the scattering particles in negligible compared with the wave length of tlir 
incident light. When this condition is not realised, the light scattered from 
one portion of a particle (molecule) will be out of phase with thnt from 
another portion and interference effects will be produced, which result in a 
dissymmetry in the angular distribution of the scattered light. When the 
angular distribution is measured and found to !>c dissymmetric, u correction 
factor can lie introduced which when multiplied by the molecular weight us 
obtained from the use of the above formula gives n molecular weight cor- 
rected for the dissymmetry factor. 

For molecules smaller than about 275 A (.1/20 of the wave length of 
light, e.g., 5461 A) interferences from different portions of the same molecule 
will not be serious, Imt above this size the dissymmetry must lie considered. 
This value would correspond to a D.P. of about 50 for an extended cellulose 
chain (275, 5.1 ). Hence, many polysaccharides will give dissymmetric 
distributions. 

Although Ibis factor complicates the method, it also provides an inde 
pendent meanR of calculating the dimensions and dissymmetry of molecules. 
The insults obtained by Stein and Doty" on fractionated cellulose acetates 
are given in Table III. As shown in the table, the molecular weights calcu- 
lated by this method agree with those from the osmotic pressure method. 
The molecules for fractions with molecular weights greater than about 
60,000 are not fully extended. 

E. Ollier Methods. Other properties which depend upon molecular w eight 
have been employed for the determination of the molecular weights oJ 
polymers, but the oRmotir, centrifugal and viscometrie methods have been 
the most widely employed. The rate of diffusion of a solute into the pure 
solvent and the depression of the freezing point (cryoscopic method) have 
Rome value, particularly for substances with small molecular weights. The 
method of ultra filtration through membranes of known pore size is not ot 
great value for the chain type of polymers of the type of most of the 
polysaccharides. More details of these methods are given by Samec, 
Spurlin and Meyer. 11 



Chapter XIII 
CELLULOSE* 

1. Occurrence ud Structure 

A. Occurrence. The eel! membranes of the higher plant* are composed 
principally of the polysaccharide cellulose, and woody tissues may consist 
of more than 50 per cent of this material. The entire vegetation of the 
world lias lieen estimated 1 to contain carbon equivalent to aliout 1000 
billion kg. of rarlion dioxide, and of this the major portion is found as 
cellulose. Although at the present lime this polysaccharide is of groat 
industrial importance, it will undoubtedly attain still greater significance 
in the future as a source of energy and of important chemicals when the 
natural reserves of oil and coal disappear. 

The cell walla of practically all phanerogams contain cellulose, 'but the 
quantity present varies greatly. Young leaves may contain as little cellulose 
os 10 per cent of the dry weight, but in older leaves the content may reach 
20 per cent. Wood and bark are considerably richer in cellulose, the former 
often containing more than 50 per cent, and cotton, which represents the 
richest source, consists of more than 90 per cent of the polysaceharide. Cellu- 
lose. has been frequently reported as a constituent of lower plants, but the 
identification has usually been made by color tests of doubtful validity. 
However, on the bams of the isolation of cellobioBc octaacetate after acetol- 
ysis and of material insoluble in strong alkali, rellulose has liecn identified 
in wood, Spanish moss, the rhizomes of brake fern and the capsule stalks 
of hair cap moss. 1 Although usually only considered a plant product, cellu- 
lose (tunicin) is also found in certain marine animals (Tunicata, e.g., 
Phaliusia mamiUata, Polycarpa varians). Iceland moss contains a similar 
polysaccharide, lichenin. 

Isolation and Purification. Cotton comprises the raw material used for 
most structural studies because it is fairly pure and is easily purified by 
methods which probably do not cause much degradation. 4 The raw cotton 

1 J. T. Marsh and F. C. Wood, "An Introduction to the Chemistry of Cellulose;’’ 
Van Nostrand, New York (1942); E. Ott (Editor), "High Polymers,” Vol. 5; Inter- 
science Publishers, New York (1943). K.H.Meyer, "High Polymers,” Vol. 4; Inter- 
science Publishers, New York (1942); E. Houser, "The Chemistry of Cellulose,” 
Wiley A Sons, New York (1944); L. E. Wise (Editor), "Wood Chemistry, " A. C. 8. 
Monograph 97; Reinhold, New York (1944) ; C. F. Cross, E. J. Bevan and C. Beadle, 
"Cellulose,” Longmans, Green and Company, London (1918). 

• H. Sehrooder, Naturuusnuehaftm, 7, 28 (1919). 

• Bee: W. M. Harlow and L. E. Wise, Am. J. Botany, U, 780 (1988) 

• A, B. Corey and H. LeB. Gray, Ind. Eng. Chem., t6, 853, 1130 (1924) ; R. K. Worner 
and R. T. Mease, J. Research Nail. Bur. Standard », If, 609 (1938). 
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is first subjected to a dewaxing process which involves extraction with hot 
alcohol. The dewaxed fiber, after a washing with water, is treated with 
boiling 1% sodium hydroxide solution to remove associated pectic materi- 
als. Such purified dewuxed and depectinized cotton usually contains less 
than 0.05% ash and alwut 99.8% of material (a-ccllulosc) insoluble in 
17.5% alkali. 

The occurrence of cellulose in woody tissues is of considerable commercial 
importance since paper und synthetic cellulose fibers are obtained primarily 
from this source. Wood is also Incoming somewhat important as a source of 
cellulose for the manufactui-c of cellulose (“store and ethers, which were 
formerly made largely from cotton linters. From the standpoint of struc- 
tural studies, wood cellulose has less importance since its purity hi doubtful, 
and considerable degradation takes place in the purification process. The 
cellulose content (a-ccllulose) of woody materials is usually taken as that 
portion of the cell-wall polysaccharides which, in the cold, will not dissolve 
in J7.5% sodium hydroxide solution. The material which precipitates upon 
acidification of the alkaline extract is named /3-cellulose and that soluble in 
acid solution, y-cellulo.se (see also p. 021 ). Lnuner suggests a volumetric 
method for the determination of these constituents.* The alkali-soluble 
material consists principally of hemicelluloses, polyuronic acids and 
residual lignin. For industrial purposes, wood purification is accomplished 
by treatment with alkalies, sodium sulfide or calcium bisulfite. Straw’ and 
other materials, which contain greater quantities of lignin, are treated 
first with chlorine to dissolve the lignin and then w ith bisulfite. The purified 
celluloses usually are bleached by the action of chlorine tollow’ed by hypo- 
chlorite or peroxide. 

B. Chemical Evidence for Structure. Fuming hydrochloric acid (40% 
1ICJ) hydrolyzes cellulose to n-glucose in a yield of 95 to 90%.* 

As the empirical formula is t ’Jliglh, cellulose might be either an unhydro- 
hexose or a chain polymer formed by the elimination of u mole of water 
from successive pairs of glucose units. The eliain would have to l>e suffi- 
eiently long so that the analytical results could agree with either ('dluOi 
or (( , |Hb(^)„-(u— 1)11*0. The extremely low reducing power of rellulose 
and the production of reducing sugar os a result of acid hydrolysis agree 
with l>oth of these possible types of structure. Inasmuch as molecular 
weight determinations (to be discussed later) support the latter formula 
and completely eliminate the anhydroglucosc structure, cellulose must 
consisl of glucose residues with connection* formed by the elimination of 
the elements of water. 

• H. F. Launer, J. Research Nall. Bui . Standards, 40, 87 (HI38); 18, 833 (1937). 

•H. Willgtattrr and L. Zrrhmcistcr, Bn., 40 , 2401 (1913); J. Irvine anil E. L 
Hint, J. Chem. Sue., HI, 1585 (1922). 



CELLULOSE 


631 


The presence of three un substituted hydroxyl groups for each glucose 
residue is demoimt rated by the. formation of triacetate, trinitrates and 
trimethyl ethera of the formula (C,II 7 O s (CO-CU)j)n, (C,H 7 Oi(NO,),) ni 
(C,n 7 0,(CU,)0 B . The formation of a monotrityl derivative of cclluiose’ ■* 
is due to the presence of a primary hydroxyl group in each glucose residue. 
The formation of monotusyl derivatives and the replacement of thetosyloxy 
groups by iodine through reaction with sodium iodide in acetone oracetonyl- 
acetone solution proves the existence of unsubstituted primary alroholic 
groups"'* (bee Tosyl esters, Chapter IV). 

Of particular importance for showing the nuture of the polymeric linkage 
are the acetolysis experiments. Cellulose under acetyluling conditions in 
the presence ol an acid catalyst is degraded with the formation of high 
yields of ccllobiosc uctaacctute. 1 * After correction for the amount of ccl- 
lobiosc octancetatc acctolyzed under the same conditions, the maximal 
yield of the disaccharide is estimated by Freudenberg as 60 to 00%. This 
yield compares with a value of 30% calculated on the assumption that Ihe 
cleavage of the linkages is entirely a random process. On the assumption 
that the ease ut hydrolysis increases with decrease of the degree of poly- 
merization of the hydrolytic products and that all linkages in each degraded 
particle arc hydrolyzed with the same ease, a theoretical yield of 07% is 
calculated. Tn a study of the yields of cellnbiose octancetate produced, 
Spencer 11 reported a maximum of 42.3% but, in disagreement with Frruden- 
berg, found that the octaacetate was not appreciably degraded under the 
acetolysis conditions. 

Since cellobioso octaacetate is not synthesized from glucose under the 
conditions nt acetolysis, and since no other disfierharides are produced, the 
cellubiose type of linkage must lie the major type present in the original 
polysaccharide. As desrrilicd elsewhere (see CeUobiosc), the disaccharidic 
hond of cellobioso lies lielwcen carbon I ol one glucose residue and cnrlioii 
4 of the other and has u beta configuration. A chain structure with 0- 
glucosidie linkages ugrees with the studies of the optical rotatory power 
during hydrolysis of cellulose by strong acids anil of the kinetics of the 
process. These studies show that cellulose has the properties predicted 
by the extrapolation to infinite chain length of those of the Hhort-ehain 
cellohexaosc, cellobioso, etc., ol known structure. 11 

i B. Hellerich and II. Koestcr, Ber., B7 , 587 (1924). 

• W.M. Ilearon, G. D. Hiatt and G. R. Fordyce, J. Am. Chem.Soc., 0B, 2440 (1943). 

* T. S. Gardnoi and G. 11. 1‘urves, J. Am. Chum. Soe., 04, 1530 (1942). 

»• A. P. N. Franrhiinnnt , Bn., it, 1938 (1870); Z. II. Hkiaup, Monatsh , tO, 1416 
(1905). 

11 G. Spencer, Crllvlosechtm., JO, 61 (1920). 

a K. Freudenberg and G. Blomqvist , Btr , 08, 2070 (1036); H IIiMicrt and K G. V. 
Peroival, J. Am. Chm. Soe., Bi, 3995 (1030). 
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Tho 1,1' type of connection between the glucose component s is given 
final substantiation by the practically quantitative yield nf 2,3,0-tri- 
methylglucose obtained from the hydrolytic products of fully methylated 
cellulose. The following structure illustrates a cellulose chain with the 
cellobioHc structure as the repeating unit. 



Cellulose rbain 

C. Molecular Weights of Cellulose and Derivatives. 1 ' 1 Many mnleuulai 
weight measurements are given for celluloses and cellulose derivatives, but 
considerable caution must be exercised because of the muny difficulties 
involved. 'Che methods of measuring the moleculai weights of cellulose* 
require the use of solutions. The munlier of solvents available is very 
limited, and degradation may lake plare during the dissolution. When 
derivatives are employed, there is often no assurance that degradation has 
not taken place during their praparatioii. 11 should lie noted also that niosl 
celluloses, even cotton cellulose, are highly heterogeneous as Jur os moleculai 
distribution is concerned. The presence of minute quantities ol oxygen may 
influence the results markedly. 

Table I, taken from the dulu given by SI audinger, 14 gives the insults 
obtained for several carefully prewired cellulose products and for some 
commercial cellulose* products. 'Hie values wore determined by tin* vis 
cosily met Inal in uniinoniacal copper oxide solutions, and the* molecular 
w eights were calculated from the degree of polymerization by multiplication 
by the factor 102 (mol. wt. of ('iHuOt). 

Similar studies have lieen carried out by the ultrareutrifuge method. 11 
'Hie use of the euprannnonium solvent introduces difficulties, for eomplexes 
of unknown structure art* formed with the cellulose*. Purified cotton linters 
exhibit molecular weights from 200,000 to 300, IXH) (/>./*. from 800 to 
1,300). An estimated value for the most mildly t mated cellulose leads to a 
value of 570,000 (1).P. 3,500b These weights an* all considerably smaller 

11 A. J. Stamm tn "Wood Chemistry," Editor L. E. Wise; Rninhold, New York 

(1 W4). 

11 II. Staudiugcr and F. Rciuccko, Papier -Fabr., 88, 489, 657 (1938) ; 11. Htaudinger, 
ibid., 3 B, 233 (1937); II. Blaudinger and K. Feuentein, .Inn., 898 , 72 (1936). 

M E. O. Kraemer and W. D. Lansing, J. Phyt. Chem., 88. 163 (1935). 
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than those for the larger protein molecules but are appredably larger than 
thoee obtained for cellulose by use of viscosity measurements. Table II 
gives the results obtained by use of the ultracentrifuge for some tvpioal 
celluloses and derivatives as reported by Kmemer. u 

Still higher weights arc reported by Gralfo and Svcdbcrg 17 for celluloses 
in cupnunmonium solution rarcfully protected from oxygen. Sec Table III. 

Many measurements have been carried out for cellulose derivatives. A 
carefully prepared specimen of nitrocellulose was reported by Staudinger 

Table I 

Chain Lengths of Cellulose Preparations as Obtained from Viscosity Measurements 
in Cuprammonium Solution 


(Staudinger 14 ) 

SutaUnrt 

! Average Degree of 
Polymerization 
(I) P ) (K m - 5 X 
10-») 

- 1 J 

Molecular U eight 
[DP xiwj 

Cotton (untreated) 

2020 

330,000 

Cotton (inters 

1440 

230,000 

Ramie 

2660 

430,000 

Manila 

1990 

320,000 

Bacterial ccllulobe 

1800 

310,000 

Unbleached spruce cellulose 

1360 

i 220,000 

Paper pulp— I 

730 

120,000 

Paper pulp— 11 

870 

140,000 

Sulfite relluloBP 



No 2503 

1360 

220,000 

No. 2567 

405 

66,000 

Cellophane (Kalle) 

280 

45,000 

I'uprophaue (Bemliprg) 

360 

58,000 

Visrose rayon 

3OM00 

49,000-65,000 

Cuprammonium rayon 

400-550 

65,000-89,000 

Acetate rayon 

250-350 



and Schulz 1 ' to have u molecular weight of iiltout ISO, 000 2800) 

as determined by the viscosity method. Commercial nitrocellulose^ and 
cellulose acetates exhibit considerable variation in particle size and arc 
probably much degraded in their preparation. Osmotic pressure measure- 
ments indicate that the usual commercial cellulose nitrates and acetates 
may have degrees of polymerization between the extremes of 25 and 800, 
although that used in blasting gelatin has, according to Kraemer, u a D. P. 
of about 3000-3500. 

••E. O. Kraemer, Ind. Eng. Chem., 80, 1200 (1088). 

17 N. GraMa and The Bvedberg, Nature, 188, 825 (1043). 

11 II. Htaudinger and G. V. Schula, Uer., 88, 2320 (1085). 
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Separation of a commercial cellulose acetate of the type employed for 
rayon manufacture w as accomplished by fractional precipitation of acetone 
solutions. 1 ' The 15 fractions obtained in this maimer exhibited degrees of 
polymerization between the extreme values of 30 and 380 as determined by 
viscomctric measurements. 


Table II 


Molecular Weights of Cellulose and Derivatives from Data Obtained by Use of The 

Ultracentrifuge 


(Kramer") 


Matrrial 


Molecular bright 


l)c n rcr or 
FohiDLri/atiuii 


Native cellulose 
Purified rotton linlers 
Wood pulps 

Commercial rcgeneiated rellulose 
Fair and Erkersou liydroccllulose 
0 Celluloses 
7 -Celluloses 

Dynamite niti (icellulose 
Plasties mtrocellulose 
\ sec. Nitrorellulose 
Commcrnal eellulosc acetates 


1 >570,000 

l 150.005 500,000 

| 90,000-150,000 

J 30,000 90,000 

. 40,000 

j 3 000 15, 000 
1 <3,000 

| 750,000 875,000 

1 125,000 150,000 

| 45 000 

45 000 100,000 


>3500 
1000 3000 
600-1000 
200 600 
250 
15 90 
<15 

3, (J(K) 3,500 
500 600 
175 

175 3b0 


T^nLr III 

Molrrulai \Vnqhl\ of Celluloses 


(After Cralln and Svrdhpij> 

l tl lulu sc 

Unbleached rotten lint era 
Raw Gpoiris rotlon 
Nettie fiber lelluione 
Ramie 

Sulfite wood pulp l 


ultiurnilrifugal method) 


JM.1 \\L 

i> r 

1, 500,000 

9,200 

1,000 000 

6,200 

1,760,000 

10,800 

1,840,000 

11,300 

460,000 

2,900 


The accepted stiuctuie fm cellulose (p 532) is seen to contain terminal 
Rlueose residues which differ from those in the body of the chain; one end is 
distinguished by a reducing hemiarcl al group and the other by the presence 
of an extra hydroxyl group at carbon 4. Ideally it should be possible to de- 
termine the uumlter of such groups present and thus to estimate the num- 
ber-average molecular weight of the polymer. Such a method, if accurate, 

*' A. M HouLne, II. A ltutlierfoid, ll.MaikaudM llairig, J Reseat ch Natl Bui 
Standards, 18, 123 (1942) 
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would have an advantage over all others since it would not involve the 
assumptions in regard to the state of solution of the material that must be 
made when the various physioohcmical methods arc used. 

Unfortunately, the results ait 1 far from ideal. In addition to the difficulties 
encountered in making accurate determinations of groups present in such 
small concentrations, trouble is caused by any degradutive changes which 
may affect the cuds of the chain. For example, very slight oxidative degra- 
dation may destroy the terminal aldehyde groups, and stronger oxidation 
may cleave the chain with the formation of groups of a very different type. 
On the other hand any hydrolysis which occurs during the estimation of the 
aldehyde groups will increase the number of such groups and cause the 
estimates of the molcrular w eight to lie low . 

The nonreduring end of the cellulose molecule consists of a glucose unit 
with four hydroxyl groups. Complete mcthylation of the cellulose, fol- 
lowed by hydrolysis should result, therefore, in the formation of letra- 
methylglucose oquhalent to the original number of cellulose chains. Not 
only are difficulties encountered iu this method because of change of struc- 
ture of the end groups through oxidative degradation and by hydrolysis 
occurring during the course of the analytical procedure, but it is very 
difficult to determine the small amounts of tctramcthylglucose accurately. 

The lurk of proportionality lietween viscometric and end group deter- 
minations of molecular weight during cellulose degradation lias received 
some consideration.-’" However, it would seem that the results can be at 
least partially explained without the assumption of complicated structures. 
First , it lias already Ix'en pointed out that degradation may cause erroneous 
results w itli the end group method Cellulose degraded by oxidation does not 
necessarily lun e the same type ot end groups that are present in the original 
rellulose, and any hydrolysis during the determinations will produce more 
end groups 1 han w ere originallx pi rscnl . Second, the quantities measured by 
the two methods are not the same, and the ratio between them does not 
necessarily remain constant during degradation. End group determinations 
measure the numltci -in eruge molecular weight, which is dependent on 
different factors from those which influence the weight-average molecular 
weight as determined by viscometric methods. 

As an example of the different results obtained by end group and physio- 
rhcmicul methods, the degrading effect of oxygen during the mcthylation 
of cellulose 11 is shown iu Table IV. 

The degradative effects of small amounts of oxygen remains one of the 
most puzzling aspects of the accepted structure of rellulose as a chain of 

>• K. Hess and F. Strum, be, , 73, 660 (10)0) ; W. N IEuworth, Chemistry A In- 
dustry, (1030) 917; E. Iieuser, Paper Trade J., tSi, No 3, 43 (1016). 

11 W. N. Haworth, Chemistry & Industry, (1030) 017. 
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1 , I'-glucohiHically connect «l residues, for thin type of structure does nut 
suggest an}' particularly alkali-sensitive groups. Kven in trace quantities, 
oxygen is said to degrade the molecular weight of native rellulose mark- 
edly.” In its absence, the molerular weights may lie as high as 2.5 X 10* 
(/)./*., 15,000). ntrnviolet light, even in the presence of only trace quanti- 
ties ol oxygen, produces molecular degradation, and the degradation re- 
action shows a poet -irradiation efTect, ip., the degradative reaction mu- 
table IV 

M ethylation of Cellulose in Nitrogen 
(Haworth) 


Apparent Chain Length (D P ) 


Material 

Numbri anil Temp i>f 
Milhvla tinm 

' H> Gnd-lvroup * 

i — ^ -I 

Hy Viscosity i 

t-0 | 

Hy Osmota 
rresaure 

Cotton sliveis 

5 at 15° 

BO 

1300 

1300 

Cotton linlens 

3 at 40 D and 

3 at 55 b 

00 

600 

790 

Cotton lint pi 6 

1U at 15° 

Xi 

340 

300 

Mpthylation in Nitrogen 

and Subsequently in Air 


Cut toil divers 

5 in Na at 15° 

5 in aii at 60° 

Bb 

1 

500 

400 

Colton lint era 

3 in N z at 40* 

3 in air at 60° 

1 

! Xj 

240 

170 

Cotton linl era 

i 

1 

4 in Ni at 40° 

16 in air at 55 b 

240 

160 

120 


Liniies when the exposure to the ultraviolet light in discontinued. 2 * As a 
result of this treatment, small amounts ot water, carbon dioxide and earlnm 
monoxide are liberated. 

D. Crystalline Structured* Prior to the development of the chemical 
struct ure of cellulose, it had been demonstrated by Xishikawa and Ono that 
X-ray diagrams could 1>p obtained from natural organic fibers, 26 The dia- 

“ O.P. Golova and V. I. Ivanov, RuW. acad.tci., U. R Classe act. chim., (1945) 
279; Chem. Abet., 40 , 1063 (1946). 

» E. HeuBer and G. N. Chamberlin, /. Am . Chm . 8oe., SB, 79 (1946) ; R. A. Stillings 
and R. J. Van Nostrand, ibid SB, 753 (1944). 

’< H. Mark, Chem. Revs,, SB, 169 (1940); W. A. Sisson, ibid,, M, 187 (1940); K. H 
Meyer, “High Polymers/ 1 Vol. 4, p. 236; Interscience Publishers, New York (1942) 

11 B. Nishilcawa and B. Ono, Proc. Phys.-Math. Soc. Japan, 7 , 131 (1913). 
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grams obtained (see Fin. 1) may vary from a Hcries of conrcutrie circles 
(which may be sharp or barely distinguishable from a background of 
continuous radiation) to a more or less sharply symmetrical grouping of 
spots or ares. The continuous circles correspond to powder diagrams of 
simple crystals and indicate merely that the fihers are oriented in the direc- 
tion of the fil»er axis but have random orientation in directions perpen- 
dicular to this axis. The arcs are given by mat (‘rials more highly orientated 
in directions perpendicular to the fil>cr axis and spots are obtained when the 
molecules lie parallel in both directions. Certain natural sources of cellulose 



tA) (B) 

Fir., 1. X-Ray diffraction patterns of cotton cellulose (A) and ramie cellulose (B). 
(Furnished hv courtesy of Milton Harris ) 


c.g., the cell walls of the nlgu Valtmia ventrinm, contain the substance in a 
highly oriented rondition. Orientation also may l>c induced by mechanical 
means such as stretching films or rolling filters. 

a . Unit Cjsmj 

Early attempts ut the evaluation of the X-iav (infraction data It'd to on 
elementary cell of the rhombic type, but later a monorlinic cell was pro- 
posed by Meyer and Mark. A mouoelinic crystal has t liree unequal axes, one 
of whirli (6-axis) is at right angles to the plane of the other (wo axes (a, c). 
The angle between the a and r axes is indicated as 0 and cannot be a right 
angle. A p:iinstaking investigation of the problem by (iross and (Hark 21 
confirms (lie allocation of the unit cell to the mnnoelinic system and provides 
the following values for the dimensions of the cell : 

a " 8.85 A, b “ 10.3 A, c - 7.05 X 0 - 84°. 

>• 13. T. Gross and ti. L. Clark, Z. Krul., 99, 357 (1038). 
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Of the various monoclinie crystal classes and space groups of these classes, 
the duta best fits (V- From the calculated volume of the unit cell and the 
known density of cellulose, it is calculated that four glucose residues ore 
contained in this volume. 

b. Spatial Molecular Model 

The intensity of the spots of the diffraction pattern cannot be utilized 
directly for locating the spatial positions of the various atoms of the mole- 
cule, for too many atoms are present and the scattering power of oxygen and 
carbon atoms is about the same. Instead, spatial models are prepared until 
one is found which agrees with the observed intensities of the X-ray dif- 
fraction pattern and fits into the unit cell. Sponsler and Dorr 27 suggested 
the first model of this type, bast'd on a chain polymeric structure for cellu- 
lose, but their model was derived from the incorrect assumption of 1-T and 
I '-4* bonds between the glucose residues. Later this model was modified by 
utilizing 1,-1' disacchuridc bridges between the various glucose residues.®* 1 
Originally, it was assumed by Meyer and Mark that all of the chains have 
the same orientation with respect to the fiber axis; later it was found neces- 
sary to place half of the chains running in one direction and half in the other 
direction but in both instances parallel to the fiber axis. The accompanying 
figures (2 to 5), first published by Meyer and Much 11 present the structure 
of the unit cell of cellulose as obtained from X-ray and chemical data. 

Along the film- axis (h- axis) the identity period is 10.3 A. \s this figure 
represents the size of one fully extended eellobiose unit, the molecular 
cliuins must run parallel to the fiber axis. (See Kig. 2). One cl min runs along 
the 6-axis (filler axis) and is surrounded by four chains at the corners of the 
unit cell; the chains run parallel but have the opposite sequence of “tail 
groups" and ring oxygen atoms. 

Kuril unit i-i'll contains four glucose lesidues. Those* residues comprise the two along 
the b axis and \ of em-li of the eight glucose residues located on the corners of llie 
unit cell. Those at the corners arc shared hy each of Ihc four unit cells having common 
corners. In IliiH direction (along the Jiher axis), the chains are held together hy cat 
bon-oxygen glucosidic bonds with energies of the order ul 50,000 calories per mule. 

According to the model, in the direction of the e-axis, the distance be- 
t wren carbon atoms and oxygen atoms oi neighboring chains is about 3.1 A . 
In the sanie direct ion the* hydroxyls are situated aboul 3.8 A from one 
am I her. These distances approximate those which would be expected if the 

17 0. Ji Sponsler and W. II Dure, Colloid Si/ni /mi inn Monogiuph , f, 171 (11)20). 

11 Jv. H. Meyer and II Mark, Bei ., 67, 503 (tf) 115(1029). 

■ q K. II Meyer mid L. MisHi, Help. Chun. Aria, H), 232 (11)37). For later sugges- 
tions of improvements, see. V. T. Pierce, Matin i, 153, 5Wi (11)11); P 11. Hermans, 
Kolloid Z , It)/, 10!) (1043). 



CELLULOSE 


689 


stabilising force in this direction was of the van der Waals’ type. Hence, 
it is probable that in the direction of the c-axis the chains of the crystal- 
lites are stabilised by van der Waals’ forces which amount to alrout 8000 
cal. per mde. 

Along the a-axiB, the oxygen atoms of neighlmring chains approach each 
other much closer (2.5 A ) than is possible if purely van der Waals' forces are 
responsible (3.0 A). It seems probable that in this direction, the crystals are 
stabilised by hydrogen bonds with energy of the order of 16,000 cal. per 



Fio. 2. Spatial representation of the unit cell of cellulose. (After Meyer and Misoh.) 

mole. Infrared alworption studies of cellulose show that relatively tew 
‘ < unperturlled ,, hydroxy] groups are present." 1 

r. Micellar Structure or Native Cellulose Fibers 

The unit cells described above are built up in the cellulose filler to form 
crystalline areas called "micelles'’ or “crystallites,” interspersed with non- 
crystalline (amorphous) areas. The extent of orientation has a profound 
effect on the reactivity of undissolved fibers, and on the mechanical and 

,( J. IV KllisandJ Bath, J. Am Chom.Snc , ftf, 28M) (1940) 
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aging properties of derived plastic materials. 31 The breadths of the lines of 
cellulose X-ray diffraction diagrams have been utilized for estimating the 
crystallinity. 32 Ordinarily, the method leads only to minimal values, and in 
any cast', many assumptions must l>c made. The* intensity of the central spot 
of diffraction diagrams uiso may l>e employed for this purpose. 83 Other 
methods used for the determination of the relative degree of crystallinity 
of cellulose are based on the integral heats of wetting of the material and of 
the sorptive capacity for water at known relative humidities. 34 



- a sin fi=sin 84°- 8J5 A — J 

Fig. 3. Projection of the unit rdl of cellulose along tin* c axis aurl ab piano perpen- 
dicular to c. (After Meyer and Misch.) 

The reaction of 1 bullous ethylate with cellulose in non-swelling liquids 
(ether or benzene) appears to allow' combination only with hydroxyl 
groups in amorphous areas. Subsequent treatment with methyl iodide give 
a product in which the number of methyl groups will lx* a measure of the 
degree of reaction with the lhallous elhylulo. 85 

11 W. O. Raker, Ind . Eng. Chom., 37 , 246 (1<M5). 

* J. Ueugstenberg and II. Mark, Z. Krirt., 69 , 271 (1029); M. von Laue, ibid., 64, 
115 (1026). 

13 R. llosemann, Z . Physilc, 113 , 751 (1030); 114, 133 (1030). 

11 See: P. H. Hermann and A. Weidingcr, J. Am. Chvm. Soc 58, 1138 (1046); A. G. 
Assaf, R. II. Haas and O. H. Purvos, ibid., 66, 66 (1014) . 

88 A. <3. Assaf, U. II. Haas and C. B. Purvcs, J. Am. Chem. Soc., 66 , 59 (1944). 
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HC— OH + TIOEt - — * HC— Oil ■ CHJ > HO— OCH, + ni 

I I I 

I I I 

+ 

EtOH 

Hy thin method, it was demonstrated that the amorphous traction of swollen 
cotton lintel's is as high an 27% whereas the Amount in unswoUrn fibers is 
nbout 0.25 to 0.5%. 

(I. HkUKM-JIA' 1 hi) I’KUjUIiOSh 

When cellulose is precipitated from solution, its crystalline fonn, as 
shown by X-ruy diffraction Rtudies, differs from that of native eelluloHe. 
This allotropic modification, termed regenerated or hydrated cellulose, is 
the form in which most artificial libera (rayon), artificial membranes 
(cellophane) and mercerized cotton exist. The dimensions of the unit cell,"* 
w hit'll belong to the nionoclinic system, have been determined ns: 

a - 8.1 A, b - 10.3 J, r - 9.1 A, p - 02°. 

Regenerated cellulose may la* converted to native cellulose by treatment 
with water or glycerol at 1 40 to 300°(\ When alkali cellulose is decomposed 
hy hot water, native cellulose is produced; but with cold water, the re- 
generated form is obluined. 17 It seems probable that the stable modification 
is the native Jomi, but at the lower temperatures the velocity of intercon- 
version is too small to l>e observable. 

2. Reactions of Cellulose* 8 

Two general types of reactions of cellulose have been recognized. In the 
first individual crystallites an* not destroyed, and the reaction takes place 
at the surface of the micelles (crystallites). These reactions an* principally 
absorptive processes, c.g., the sorption of wnter, metallic salts and dyes and 
may be accompanied hy swelling. In the second type 1 , the fiber structure is 
broken down into the component chains liefore reaction takes place. An 
important intermediate type of reaction involves a surface chemiral reaction 
accompanied by a partial penetration of the rrystnl lattice. The nature of a 
particular reaction usually may be decided from a study of the X-ray pat- 
tern of the initial and final products. Absorptive processes, in most in- 

“ K. R. Andrew, Z. phytik. Chem., (B) 4, 190 (1929). Bee also: O. L. Sponaler and 
W. H. Dorc, J. Am. Chem. Sot., SO, 1940 (1928); E. Sauter, Z. phyrik. Chem., 87, 161 
(1937). 

n K. H. Meyer, L. Misrh and N. P. Badenhuizen, Helv. Chim. Acta, 88, G9 (1939). 

11 II. M. Spurlin, "Cellulose and Cellulow Derivatives,” (E. Ott, Editor) p. 807; 
Interscienee Publishers, New York (1948). E. C. Jahn, "Wood Chemistry,” (L. E. 
Wise, Editor), p. 782; Reinhold, New York (1944). 
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stances, do not affect the diffraction pattern, but a penetration and change 
of the crystallite lattice structure is readily recognizable by a change in the 
pattern. 

From the standpoint of its reactions, cellulose differs from the simple 
sugars and oligosaccharides in its limited solubility and in the almost com- 
plete absence of unsubstituted hcmiacetal groups. The principal chemical 
reactions of cellulose involve the substitution of one or more of the three 
hydroxyl groups of each glucose residue and the hydrolysis of the glucosidie 
linkages between the glucose residues. Unless substitution reactions take 
place under carefully controlled and mild conditions, both kinds of reaction 
may occur simultaneously with resulting degradation of the molecular size. 

A. Reactions with Bases, Adds and Salts. These reactions are of great 
industrial importance, for they provide means for bringing cellulose into 
solution and then regenerating it as fibers, sheets, etc. 

a. Ammonia, Amines, Quaternary Bares, etc. 

Cellulose absorbs gaseous ammonia without distortion of the diffraction 
pattern.’* Liquid ammonia, however, forms a crystalline compound with the 
polysaccharide. The lattice iH penetrated, for the ammonia-cellulose exhibits 
a new diffraction pattern. 40 In an aqueous solution of hydrazine or cthylenc- 
iliamine, cellulose swells ; at high amine concentrations, sonic penetration of 
the lattice takes place. Tetraethylammonium hydroxide, benzyltrimethyl- 
ammonium hydroxide and some other quaternary baseN dissolve cellulose, 
but each of these organic bases exerts its maximum solubilizing effect at a 
definite concentration (about 2 X) which decreases with the molecular 
weight of the base. 11 

The solubility of cellulose in ununoniacal solutions of copper oxide 
(Schweizer’s reagent) is well known, and extensive use has licen made of 
tins property in the manufacture of synthetic fibers (ruprammonium rayon ) 
and in the determination of molecular weights by the methods previously 
described. The cuprammonium reagent produces very little degradation of 
the cellulose, and in the absence of oxygen and light, the regenerated cellu- 
lose obtained by the addition of acids or alkalies to the solution is only 
slightly degraded. 4 * 

Copper oxide dissolves in the ammonia solutiou due to the lormatiou of 
cuprammonium hydroxide, Cu(N1Ij),(0H)i . Dissolution of cellulose in 
the solution takes place with the liberation of ammonia from the complex 
ion, and presumably' the cellulose takes the place of the ammonia in the 

" N. U. Oram and 0. Maasa, J. Phya. Ckm., SO, 3046 (1032). 

4( A. 3. Barry, F. C. Petaraon aud A. J. King, J. Am. Cham. Hoc., B8 , 833 (1086) ; 
K. Hew and J. Gundernuum, Bar., 70, 1788 (1037). 

41 T. Lieaer, Ann., BSO, 276 (1037). 

10 H. Standinger and B. Ritienthaler, Bar., 08, 122S (1035). 
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complex ion. 41 Similar compounds ure formed by cuprammonium solution 
and simple poly alcohols, and Folding solution probably has an analogous 
composition. 

The case of oxidation of cupr ammonium solutions of cellulose prevents 
their use for some purposes. In such instances, aqueous solutions of cupric 
hydroxide-ethylonodiamino provide excellent solvent media localise of the 
stability of the cellulose in this solvent. 41 

The action of sodium hydroxide has particular importance because it is 
involved in the preparation of mercerized cotton, viscose and certain cellu- 
lose ethers. At concentrations of the Hodium hydroxide less than R to 9%, 
the reaction apparently takes place at the surface of the micelles since the 
X-ray diagram is not affected. The combined alkali at this stage averages 
one mole for each two glucose residues. The X-ray diagrams of cellulose 4 
treated at higher concentrations of sodium hydroxide exhibit a new diagram 
superimposed upon that for the original cellulose, and, at alkali concentra- 
tions in the range 13 to 19% , only the new diagram is obtained. At this 
stage, the combined alkali averages one mole ikt glucose residue. Still 
another diagram is obtained when the 4 concentration of sodium hydroxide is 
raised to 21%. The nature of the combination is uncertain; at the lower 
concentrations adsorption probably occurs, whereas at the higher concentra- 
tions the formation of alroholatcs and cellulose anions may take place. 

H 

i 

R 0 Xn 4 , 1< 0 Xu (ulrohfilatc), It -0" Na* (celluloHr anion) 

The reaction is markedly affected by the temperature, and the same effect 
is produced by a 6.5% solution at — 10° as by a 17 to 18% solution at 20°. 

Cold water decompose* the alkali cellulose u illi the formation of hydrate 
cellulose. Ilot water gives a mixture of native anti hydrate cellulose. 

The preparation of mercerized cotton involves treatment of cotton fibers 
with strong sodium hydroxide 4 xxliile the fillers are kept under tension to 
prevent shrinking. The mercerized cellulose obtained by treatment of the 
alkali cellulose with water hus a smooth, lustrous appearance and takes up 
dyes belter than the untreated material. 

In the glucose units of the cellulose chain, the hydroxyls of carbons 2 are 
the most acidic. Thus, in 35% potassium hydroxide solutions, a com- 
pound with the formula CgHjijOi-KOH is formed. The potassium seems to 
be associated with carbon 2 since mcthylation of the compound and hy- 

41 For discussion of structure of complex see: T. Lieser and II. Swialkowski, Ann., 
638, 110 (1939); L. J. Jolley, J. Textile 30, T4 (1939). 

44 F. L. Straus and li. M. Ijevy, Ptiper Trade J., 114, No. 3, 31, No. 18, 33 (1942); 
R. S. Hatch, Ind . Eng. Chem ., Anal. Ed., 16 , 104 (1944). 
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drolyau yield 2-methylglucose.** Similar experiments carried out with the 
radium cupri cellulose compound gave 2-methyl- and 3-methylglucoee. All 
the free hydroxyls of cellulose are weakly ionizablc as is shown bv the 
complete exchange which takes place in deuterium oxide. 41 The exchange is 
virtually complete in 30 hours at 30 D C. 

Although the nature of the combination between sodium hydroxide and 
cellulose in the alkali (soda) cellulose remains undecided, true trisodium 
ulcoholate derivatives have been described. Their preparation involves the 
reaction of cellulose with a solution of metallic sodium in liquid ammonia. 47 
When exposed to air and moisture, these derivatives undergo decomposition 
and degradation of the molecular chains. 

Hydroxides of the other alkali metals (Li, K, (V, Rb) form alkali cellu- 
loses similar to those obtained by the use of sodium hydroxide. 48 The maxi- 
mum swelling effect is produced at a definite concentration for each base 
and increases with the atomic weight of the alkali metal involved. The 
product obtained by use of lithium and potassium hydroxides lias a composi- 
tion averaging that of one mnlr of alkali for each pair of glucose residues, 
but that from the action of cesium and rubidium hydroxides averages one 
mole of base to three glucose residues. 

b. Action op Inorganic Acids and Salts 

At low add concentrations, cellulose swells, but the X-ray diagram re- 
mains unchanged. However, a change is observed for concentrations of 
hydrochloric acid greater than 24%, and at a concentration of 41% the 
cellulose dissolves rapidly. Sulfuric acid (10.5 molps per liter) and phos- 
phoric acid (14.1 moles per liter) also act as solvents. Thiocyanates, 
lithium halides, zinc chloride and other salts in dilute solution produce 
swelling of cellulose and dissolution at higher concentrations. Since the 
cellulose molecules probably are held in the micellar lattice by hydrogen 
bonds and van der Waals’ forces, the solubilizing action of strong acids anil 
salts probably is due to a replacement of bonds such as — C— 0- II- t> 

II 

by — C— 0— Ii + . At proper concentrations, crystalline addition products 
arc formed from cellulose and sulistanees such as nitric acid, perchloric 
add 49 and lithium thiocyanate. These addition compounds exhibit rharae- 

49 W. J. Heddlo and E. G. V. Percival, J. Chem.Soc., 1600 (1038) ; 210 (1030). 

41 G. Champetier and R. Viallard, Bull. toe. c him., [5] 5, 1042 (1938). 

47 P. C. Scherer, Jr., and R. E. Hussey, J. Am. Cbem. Soc., 63, 2344 (1031); P. 
Schorigin and N. N. Makarowa-Seml j anakaj a, Ber., 69 , 1713 (1036). 

49 E. Heuser and R. Barlunek, Cellvloiechem., 6, 19 (1025) ; T. Lieser, L. Henrich 
and F. Fichtnpr, Ann., 638, 00 (1IKIU). 

41 See T. Lieser and F. Fichtner, Ann., 648 , 105 (1041). 
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tcristic X-ray diagrams. From solutions of cellulose in acids, regenerated 
cellulose is obtained by dilution with cold water. Since the product gives a 
blue color with iodine in the presence of traces of sulfuric add, it is some- 
times called “amyloid.” 

The action of adds and salts is accompanied by a degradation oi the 
chains due to hydrolysis of the glucusidic linkages. The decrease in viscosity 
ot solutions of the regenerated product and the increase in reducing power 
are proof that hydrolysis has taken place. Phosphoric acid (80 per cent) 
product's considerably less hydrolysis than sulfuric acid or concentrated 
hydrorhlorir acid. 11 The degradation by hydrochloric and sulfuric acid 
takes place by a progressive breakdown of the molecule. Substances of 
intermediate chain length (cellodextrins) are the primary hydrolysis 
products, hut finally oligosaccharides and glucose 1 are obtained. Crystalline 
cellohexaose, cellotetraose, cellotrinse and cellobiose have been isolated 
from the products of hydrolysis.' 1 Mild hydrolytic conditions lead to the 
formation of “hydrocellulose,” which has a diminished chain length os is 
demonstrated by its low viscosity. It is sometimes defined as the material 
which dissolves in 8% sodium hydroxide. The decrease in chain length is 
also reflected in the practically complete loss of fiber strength, .titer addi- 
tional hydrolysis, water-soluble "cellodextrins” ot liigh reducing power are 
produced. These products probably are not homogeneous substances. 

B. Cellulose Xonthate. Under the influence of rarbon disulfide and 
barium hydroxide, methyl a-glucoside reacts to form the monoxanthate. 
'Hie xanthnte is a mono esler of dithiocarbonic acid: 


K — 0 — C — 8 — Na 

Small yields oi the di- and tri-\nntkntea are also obtained. The yields of the 
di- and tri-esters con lie increased by using phenyl 0-gIuroside and, as the 
base, tetracthylammonium hydroxide." 

Cellulose forms similar xanthates which are of considerable industrial 
importance tor the preparation of synthetic fibers by the viscose process. 
Cellulose pulp is first trented with 17 to 18% sodium hydroxide solu- 
tion. The alkali cellulose is freed from the solution and allowed to stand 
C‘nge”) in contact with air. The “aging” process degrades the chains and 
must lie interrupted at the proper time since too mild treatment produces 
products of high viscosity and too much degradation results subsequently in 
the production of fillers with low strength. The properly “aged” alkali 

10 A. J. Stamm and W. E. Cohen, J. Phyt. Chetn., j(i, 921 (1988) ; A. Ekenatam, Btr., 
09, 649, 663 (1936). 

“ It. WillstMter and L. Zoohmeuter, Btr., Ot, 722 (1929); L. Zechmeister and O. 
T6tli, ibid., 04 , 864 (1931). 

■ T. Lieser and Associates; see: Ana., MM, 48 (1986) ; Papier -Fabr., 80, 272 (1988) . 
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cellulose upon exposure to carbon disulfide vapor is converted to a yellow* 
orange, viscous mass (viscose) of cellulose xanthatc. When the viscose is 
allowed to stand or “ripen,” an initial period of decreasing viscosity is 
followed by a period during which the viscosity increases; those changes 
represent changes in the structure of the gel, for the molecular weight re- 
mains essentially constant. The presence of air speeds up this “ripening” 
process. Furring the “ripened” viscose 1 through small openings into an 
arid bath regenerates the cellulose with thr liberation of rarlwn disulfide. 
By the use of fine orifices, threads are obtained whereas fine slots produrc 
thin sheets of regenerated cellulose (cellophane) - 

The composition of the cellulose xanthate correspond*, to that of one 
xanthatc group for each two glucose residues. Since the X-ray diagram 
remains unchanged from that for alkali cellulose, a real compound probably 
is not formed, for the micellar lattice is nut penel rated. The replacement of 
the sodium hydroxide by totraethylammonium hydroxide leads to a cellu- 
lose trixanthatc. The xanthate group of the usual compound has l>een 
shown** liy methylation studies to lie associated with carbon 2. l)i- 
osomethunr replaces the xanthatc by u methyl group, and hydrolysis of this 
methylated cellulose produces glucose and 2-methylghicosc. 

C. Oxycellulose. Celluloses, particularly under alkaline conditions, arc 
readily oxidized even by such mild agents os atmospheric oxygen. The 
oxidized celluloses (oxycelluloses) are of considerable industrial interest, 
but the nature of the oxidations, in must cases, is not well understood. It 
may take place by oxidation of terminal hemiocetaJ groups (“aldehyde” 
groups), of secondary glycol units (at carbons 2 and 3 of each glucose unit i 
mid of the terminal primary hydroxyl groups. 

Oxidation of the hcmiacctol groups results from the action of iodine in 
alkaline solution and from the action of chlorous acid. Iodine in alkaline 
solution has been used lor the estimation of aldehyde groups in hydrocellu- 
loses and oxycp]luloKe>. Except for « small correction, the reaction is said 
to lake place stoiehiometricaHy, 1 ' but most workers have found that sec- 
ondary oxidations take place. 

Under alkaline conditions, atmospheric oxygen resets with cellulose 
probably by simultaneous oxidation of the hemiocctul groups and of the 
products of the interronversion induced by the alkali (see discussion of the 
action of alkalies on sugars, p. 71). This type of reaction is thought to be 
responsible for the “aging” of viscose (p. 546). The degradations which 
occur when cellulose is methylated in air, or when it is dissolved in rupram- 
monium solutions and oxygen is not excluded, probably are of a similar 
character. 

Periodic acid is one of the most specific oxidative reagents for cellu- 

H See: 11. A. Rutherford, F. W. Minor, A. R. Martin and M. Harris, J. Research 
•Vo 0. Bur. Standards, £9, 131 (1M2). 
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lose. 1 '-* 4 The reagent attacks the glycol groupings at rarbonB 2 and 3, 
cleaves the carbon bond and forms aldehyde groups (see p. 328). However, 
considerably more than the theoretical amount of oxygen is consumed, and 
some formaldehyde, formic acid and carbon dioxide are produced. The 
secondary reaction may arise from the action of alkali on the dialdehyde 
units, the presence of which makes the oxycelluloses extremely sensitive to 
alkaline hydrolysis. 

Nitrogen dioxide (KOi) brings about a fairly specific oxidation of primary 
alcoliolic groups in cellulose to carboxyl groups 44 (see Chapter VII). Oxycel- 
luloscs of this type (polyglucuronic acids) are commercial products; they 
arc analogous in structure to pectins and are readily degraded by alkalies. 

Other common oxidation reagents appear to art much less selectively, 
and it is probable that the three nbovr-mrntioncd types of oxidation occur 
simultaneously with perhaps still other types such os the oxidation of 
secondary alcoholic groups to keto groups. The properties of the o\y- 
cellulose will depend upon the major type that has orrurred. Clyrol cleavage 
produces products with high reducing power and sensitivity to alkaline 
hydrolysis. Products containing carboxyl groups fix basic dyes and show 
some sensitivity to alkaline conditions. 44 

A number of methods have been devised for the determination of the 
nature of (he groups formed in the oxidation of cellulose. 47 These inrlude : 

1. Determination of carbonyl groups by titration with hydroxylnmine 
and of aldehyde groups by oxidation with hypoioditc or by reaction with 
diamineR and subsequent fixation of dyes. 

2. Determination of uronic acid residues by evolution of carbon dioxide. 

3. Measurement of residual hydroxyl groups by acetylation or nitration. 

4. Measurement of carboxyl groups by dirert titration or by partition 
methods bused on calcium acetate, silver pbenolates or methylene blue. 

D. Cellulose Esters. 41 The esters formed by the esterification of the 
hydroxyl groups in cellulose are of great industrial importance and find 
many uses, especially us plastics, textile fibers, explosives, transparent 
films and lacquers. Nitrocellulose is the only inorganic esler whirh is im- 
portant commercially, and cellulose acetate has found much wider applica 

M E. L. Jackson and C. 8. Hudson, J . Am. Chem. Soe., 60, USB (1038) ; G. F. David- 
son, Shirley Inal. Memoira, 18, 6B (1041). 

H E. (i. Yarkel and W. 0- Kenyon, /. Am. Chem. Soe., 64, 121 (1042) ; C. C. Unruh 
and W. 0. Kenyon, ibid., 64, 127 (1942). 

H See, for example, the results for chromic acid oxidation: G. F. Davidson, Shirley 
Inal. Memoira, 18, 91 (1941). 

iT C. C. Unruh and W. O. Kenyon, Textile Heaearch J., 16, 1 (1946); E. Geiger and 
A. Wissler, Helv. Chim. Acta, 18, 1639 (1045); K. Geiger, ibid , 88, 1159, 283 (1945); 
F. Mflller, ibid., 80, 130 (1046). 

u C. R. Fordyre, Advances tn Carbohydrate Chem., 1 , 309 945). 
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tion than any of the other organic eaten. Although there is Home debate as 
to whether the nitration reaction iB heterogeneous or homogeneous (with 
the nitrating mixture penetrating uniformly to all parts of the fiber), 
acylation of cellulose ia known to be heterogeneous. The cellulose doe^ not 
go into solution until esterification ia practically complete and the crystal- 
loids are broken down. Esters with less than the maximum degree of substi- 
tution must be prepared by partial hydrolysis of the trisubstituted product 
if they are to be completely soluble and the ester groups are to lie distributed 
over the full length of the chain." For example, commeiriul acetone- 
soluble cellulose acetates which average 2.1 to 2.0 acetyl groups per glucose 
unit are prepared by partial hydrolysis of cellulose triacetate. Such hydroly- 
ses are among the few rases in which cellulose or one of its derivatives under- 
goes reaction in a perfectly homogeneous solution. Other cases include the 
etherification of cellulose dissolved in aqueous alkali or ruprammonium 
solution and the substitution of the free hydroxyls in secondary acetates by 
higher fatty acids or dibasic arid radicals. 

With simple alcohols of low molecular weight, the primary alcohols are 
esterified about ten times as fast as tbe secondary alcohols® Although such a 
difference in reactivity between the two types of hydroxyl groups may carry 
over to the acetylation of cellulose, it is undoubtedly much less important 
than the position of the group in the micelle. The relative reactivity of the 
free hydroxyl groups in soluble, paitially acetylated products is not compli- 
cated by micelle structure, but it may be considerably influenced by the 
bterie effects of the acetyl groups present . The relative rates of tosylation of 
a soluble cclluluHc arctate with u degree of substitution of 2.44 were found 
to be 2.2, 0.11, and 23 for the hydroxyls at positions 2, 3, and 0, respec- 
tively.' 1 This difference in reactivity between the various positions was 
probably markedly influenced by the acetyl groups already present and 
also by tbe size of entering tosyl groups, especially in the case of the hy- 
droxyl at carbon 3, where the low reactivity may well be caused by the 
sterie effect ot a substituent on carbon 2. 

a. Cellulose Nitrates 

Hy the action of fuming nitric arid, or mixtures of nitric acid and a 
catalyst such as concentrated sulfuric acid, nitric acid esters of cellulose 
(incorrectly called nitrocalluloscs) are obtained. The theoretical nitrogen 
rontent of 14.17% for a completely esterified product (cellulose trinitrate) 
seldom is attained The commercial products termed pyroxylin contain 

11 See few example . M E Martin ami T M. Andrews, U. S Patent 2,373,630, April 
10, 1015. 

■» H. M. Spurhn, J. Am . Chem 8or , 61, 2222 (1030) . 

M T. S. Gardner and C. B.Purvos, «/..<l»i ('Hem Sue , 04, 163 1 ) (1942). 
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10.5 to 12.5% nitrogen, bat smokeless powder is more highly aitnteil 
(12.5 to 13.5%). The use of phosphoric acid as a catalyst is claimed to letul 
to u cellulose trinitrate with the theoretical nitrogen content. 0 The reaction 
may Ik 1 represented by the equation : 

R— 0- OH + 110N0, t CHiHOt) ZZZ2 R— O— ONO, + (11,80,) + H,0 

1 I 

As is evident from the formation of water as one of the products of the 
esterification process, the water concentration is one of the moRt important 
factors in determining the position of the final equilibrium as represented 
by the degree of nitration. The temperature must be kept below 40°(\, or 
appreciable degradation of the cellulose chain results. In the preparation of 
nitrocellulose (pyroxylin) for use in plastics and lacquers, wood cellulose is 
chosen because of its lower cost. Technical improvements in the purification 
process make it possible to use wood cellulose for the preparation of ex- 
plosives, whereas previously cotlon had lieen the only raw material con- 
sidered for this purpose. 

Up to u nitrogen content of about 7.5%, the fillers lunp the lattire ot 
hydrated cellulose. The X-ray diagram becomes diffuse ut increasing con- 
tents of nitrogen, and above 12.7% nitrogen, the diagram of rellulnse 
trinitrate appears.* 5 

The nitration reaction is complicate! by several secondary reactions. 
In addition to some hydrolysis of glucosidir linkages, a few of the hydroxyl 
groups arc csterified by sulfuric arid with the formation of mixed nitrates 
nud sulfates. The formation of these mixed estera may provide an explana- 
tion for the difficulty of attaining complete nitration. These sulfate esters 
also may lie intermediates in the reaction. The sulfate groupB, however, 
are easily hydrolyzed by boiling with water. The removal of thesp groups 
probably explains the “stabilization” of nitrocelluloscs which is brought 
about by treatment with very dilute acids and boiling water. Another 
possible intermediate in the nitrating reaction is Knecht’s compound, 
named after itb discoverer. This compound, which has a different lattice 
from that of cellulose, is formed in nitric acid as dilute as (12%. The for- 
mula 14 has been variously described as: (MIioOrTlNO,, C,Hn>(VHN(V 
H,0, and (CJIuOi). HNO,. 

Pyroxylin (10.5 to 12.5%) nitrogen) has important industrial application 

■ E. Berl and G. Rueff, Cellulosechem It, S3 (1931); Me, however, T. Tomonari, 
i bid., 17, 29 (1986) ; E. Berl, U. S. Patent 2,384,416, Sept. 4, 1946. 

H F. D. Miles et el., J. Phyi. Chem., 84 , 2607 (1934) ; M. Mathieu, Compt. ran d., 800, 
143 (1935). 

14 C. Tragus, Cellulose them., 18, 104 (1934) ; G. Champetier and R. Morton, Bull, 
sot. Mm., [6] 10, 102 (1948); Chem. AM., 88, 2483 (1944). 
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in the preparations of plastics (celluloid), lacquers, films and artificial leather. 
The chain lengths of the nitro celluloses used in these applications an con- 
siderably shorter than those of natural fibers, but thiB degradation is a 
necessary condition to obtain products with the proper viscosity. Tnamwonh 
as the presence of small amounts of the long chains greatly increases the 
viscosity whereas short chains have an undesirable influence on the mcchsni 
cal strength, the products should be fairly homogeneous. By heating nitio 
celluloses with water under pressure, products of low viscosity are obtained. 

Celluloid is prepared by mixing moist pyroxylin, camphor, alcohol and 
pigments. By the application of heat and pressure, the resulting mass is 
forced into molds and shaped. Bather a tight complex is formed lietween 
the nitrocellulose and the camphor. Since the nitrocellulose which forms 
the licst bond with the camphor has one free hydroxy] per glucose group 
and since the composition of complete complex formation is one camphor 
molecule per glucose unit, it Beems probable that the rumplex is formed 
by hydrogen bonding between the two groups." Camphor eliminates the 
explosive properties, but leaves the product very iuflammahle. Celluloid 
lor use in photographic films has a much lower camphor content. Foi the 
preparation of eelluloid films, a thick solution of pyroxylin and camphor in 
methanol, ethyl acetate and other solvents is allowed to flow on to the 
circumference of a large wheel. The solvent evaporates during a single 
revolution of the wheel and a continuous (ilm may tie removed. 

Jjacquers for automobiles and interior decoration are composed ot low 
viscosity pyroxylin, a solvent such as the esters of acetic acid and u plasti 
riser (e. g., castor oil, camphor, trirresyl phosphate, etc.). Without the 
plasticiser, the film formed after evaporation of the solvent wrinkles and 
buckles away from the surface. Artificial leathers are made by coating 
rotton fabrics with lacquer and tlipn embossing the material to sinmlntr 
leather. 

Although the ester linkages may be hydrolysed by the action of strong 
sulfuric acid, considerable degradation takes plane. The iw* of alkali leads 
to oxidative decomposition, but alkali sulfides may Ik* successful!} employed 
to hydrolyse the nitrate groups (p. 177). The use of alkali Rulfides was ot 
considerable importance at one time in the Chardonnet process for artificial 
silk. Pyroxylin in a solution of equal volumes of ether and alcohol (collodion) 
waa forced through fine openings and the solvents were removed in a rui 
rent of air. The thread formed by combining a number of fine filaments w a» 
subjected to the action ot sodium acid sulfide (NalhS) which removed the 
nitrate groups and regenerated the cellulose. The method has considerable 
historical interest since it is one of the first, if not the original method, Joi 
making rayons. 

“ M. Wadano, H. Haas and C. Tragus, Z. phynk. Ckm , 90, ISO, 188, 282 (1985,1. 
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b. Cellulose Acetates 

The free hydroxyls of cellulose may be acetylated in a manner similar 
to that for the simple sugars (p. 150). The cellulose is treated with acetic 
acid, ueetie anhydride and a catalyst. As a catalyst, sulfur dioxide, sulfuric 
acid or occasionally zinc chloride is employed. Perchloric acid has been 
shown to have rertain advantages for this purpose, but its corrosiveness 
limits its application." Complete acetylation with the formation of a 
product containing 62.5% combined acetic acid (44.8% acetyl) is more 
easily attained than is complete nitration. On thp other hand, a greater 
degradation of the cellulose chains takes place in acetylation than in 
nilrution. Hon ever, by the action of pyridine and acetic anhydride for 
long periods of time at high temperatures, it is possible to obtain acetates 
without a simultaneous shortening of the chains." 7 

The completely acetylated produrt (triester) is soluble in glacial acetic 
arid, chloroform, dichloroethane and a few other solvents. By partial 
hydrolysis involving the removal of about one-sixth of the acetate groups, 
“secondary" acetates soluble in acetone an? obtained. Complete saponifica- 
tion by acids or alkalies gives regenerated rellulose in a more or less de- 
graded condition. 

For commercial operations, sulfuric acid is the most common catalyst. 
In the intermediate stages of acclylution, the sulfuric acid combines 
quantitatively with the cellulose in the form of the acid sulfate.'" In the 
final stages, the acid sulfate groups arc gradually replaced by acetyl groups, 
but the final product contains some combined sulfur. During acid hydrolysis 
of the fully acetylated material, the combined sulfur drops to about 0.01 %. 

Cellulose acetates have considerable industrial importance, c.g., as 
acetate rayon and as plastics, lacquers and films including photographic 
film of narrow width for which curling is not serious. Their principal 
advantages over Ihc nitrates arises from their nonflammability, trans- 
parency, light resistance and suitability for injection molding in plastic 
mixtures. However, the higher viscosity and cost retard their general re- 
placement of cellulose nitrates for these purposes. Acetate silk is mode by 
dissolving “secondary” acetate, with an acetic acid content of about 52 to 
56%, in acetone and forcing the solution through spinnerets into a stream of 
warm sir. The solvent evaporates leaving solid threads. For the preparation 
of plasties, the process is similar to that for cellulose nitrate; but tricresyl 
phosphate, triphenyl phosphate, dibutyl phthnktc and other esters aroused 

11 D. Krueger und E. Tanhirrh, Ber., 64 , 1874 (1931). 

17 K. Ilese and N. Ljubitach, Ber., 61 , 1460 (1928) ; II. Staudinger and G. Daumiller, 
Ann., 689, 219 (1937). 

11 C. J. Malm, L. J. T&nghe and B. C. Laird, Ind. Eng. Chem., 98, T1 (1946). 



CELLULOSE 


553 


as plasticisers instead of camphor. For the molding operation, heat and 
pressure or injection molding may be employed. In the preparation of 
lacquers, tricresyl phosphate frequently iB used as the plasticiser. Such 
lacquers have particular value as insulating coatings and for protecting 
airplane fabrics. A mixed cellulose acetate butyrate (with 14-18% butyryl 
and 32-36% acetyl) is said to liave even more desirable properties than 
cellulose acetate for these latter purposes. Cellulose acetate butyrates of 35 
to 40% butyryl content arc said to be particularly suitable for molding 
compositions." Mixed esters of cellulose in which the acyl groups are 
lower fatty acids (acetic to butyric) and long-chain fatty acids (stearic, 
oleic) arc prepared from the acyl halides using pyridine as catalyst. 7 " 

r. Ornhu Esters 

Benzoate, formate, cinmunutc, phthulate and other esters of cellulose 
have been investigated but do not seem to have found enmmerrial applica- 
tion. 

An interesting type of ester is formed by the reaction of pentaoeetyl- 
glueonyl chloride on mercerized eotton linters nr cellulose acetate. By the 
use of triethylnmine us catalyst, 0.45 mole of the ncetylglucosyf groups are 
introduced per glucose unit. Mixed esters are obtained from a partially 
aeetylated cellulose using pyridine as catalyst, and 0.75 acetylgluconyl 
groups are attached to each glucose unit. The mixed ester forms colorless, 
flexible, transparent films which arc soluble in acetone and chloroform. 71 

Esterification of partially aeetylated (acetone-soluble) cellulose acetates 
by dibasic acids leads to three types of derivatives: those (1) with cross 
linkages between cellulose chains, those (II) with unsubstitutod carboxyl 
groups and those (111) with the second carboxyl group esterified with an 
alcohol. 
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•* C. R. Fordyce and L. W. A. Moyer, Iml. Eng. Che m., St, 1053 (1040). 

’• G. W. Seymour and B. B. White, U. S. Patent 2,300.185, Der. 4, 1945. 
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Surh derivatives exhibit a wide range of solubilities. Cross-linking reduces 
the solubility, and the presence of free carboxyl groups (e.g., in the rellulose 
acetate acid phthalates) gives rise to soluble sodium and ammonium salts. 71 

Alkyl and particularly aryl isocyanates react with celluloses and partially 
acetylated celluloses, and as many as three rarbamyl groups may Is* intro- 
duced into each glucose residue. 

O 

I II 

n— c— oo— Nnr.ii, 
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II -C--OCCH, 

; ii 

o 

The carbamyl groups are resistant to acid and alkaline hydrolysis undei 
conditions such that the acetyl groups are completely removed. 71 

Cross esterification of methylated cclhdoscB (degree of substitution, 2.3) 
occurs as a result of treatment with oxalyl chloride in the presence of 
pyridine. These products form clear gels. 74 

E. Cellulose Ethers. The hydroxyl groups of cellulose are etheritied by 
the reaction of alkali cellulose with alkyl halides or alkyl sulfutes in u 
manner similar to that for the simple sugars (p. 345). The reaction is 
heterogeneous in character because of the insolubility of the cellulose in 
the alkylating medium. Partially alkylated products are obtained unless 
considerable cure is taken to insure complete etherification, and degradation 
of the cellulose chains commonly occurs. An ingenious method has liecn 
devised by Mahoney and Purvcs 71 for investigating the distribution of the 
ulkyl groups in cellulose ethers. The numlter of free primary alcoholic 
groups is measured by reuetinn with p-toluenesulfonyl chloride and replace- 
ment of the tosyloxy groups by iodine (p. 171). Determinations of the 
number of unsubstituted glycol groups in the cellulose ether and in its 
hydrolytic products are made by periodic acid or lead tetraacetate oxida- 
tion. A commercial ethyl cellulose with 2.48 ethoxyl groups and 0.52 
hydroxyl groups per glucose unit wus oxidized with lead tetraacetate and 
shown to have 0.01 free* glycol groups at carbons 2 and 3. The extent ol 
oxidation by lead tetraacetate of the products of acid hydrolysis (annmerie 
hydroxyl now' unsubstituted) corresponds to 0.13 to 0.15 unnubstituted 
hydroxyls in position 2. Since the tosylation procedure reveals the presence 
of 0.12 unsulwtituted primary hydroxyl groups, the number of unsubsti- 

» G. J. Malm and C. R. Fordyce, Ini. Eng. CW, St, 405 (1040). 

» W. M. llearon, G. D. Hiatt and C. R. Fordyce, J. Am. Uhm. Soc., SB, 820, 888 
(1043). 

T *R. Signer and P. v. Tavel, Utlv. Chim. At la, t8, 1072 (1043). 

71 J. F. Mahoney and C. B. Purvea, J. Am. Chem. Soc., 04> 0, 15 (1042). 
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tuled hydroxyls at carbon 3 is 0.52 - 0.13 — 0.12 - 0.27. Ah the number 
of free glycol unit* nt carbons 2 and 3 is only 0.01, the ethoxyl groups must 
be distrilrated lietwcen the various residues rather than accumulated on h 
few. 

Another method of studying the distribution of substituents involves the 
measurement of the amount of cellobiose octaacetate produced by aoetolyas 
of partially methylated cellulose.” In the early stages of etherification, 
multiple substitution of exposed residues occurs, but when a degree of 
substitution of 1.5 has been attained the crystalline areas are penetrated 
strongly. 

A microscopic study of the changes taking place in the fibers of alkali 
cellulose (prepared from cellulose linters) during bensylation illustrates the 
diffirultifb which arise from the heterogeneous character of the reaction. 77 
The bensylation reaction involves three phases, one solid (alkali cellulose) 
and two liquid (sodium hydroxide solution and benzyl chloride). A proper 
balance must be established between the rate of etherification and line 
diffusion into the fiber structure. When the diffusion is too slow, complete 
l>enzylation of the outer layers takes place and the inner layers are kept 
front reacting by on impervious film of bcnzylcellulosc. Inasmuch as the 
rhemicid reaction has a larger temperature coefficient than the rate of 
diffusion, complete substitution is favored by the use of the lowest possible 
temperatures. Methyl and ethyl chlorides diffuse readily into the swollen 
fiber and therefore the reaction is much less difficult than with largo- groups. 

a . Methyl and Ethyl Ethers 

The methyl and ethyl ethers are prepared by treatment of the alkali 
cellulose or cellulose acetate with the alkyl sulfate or chloride and alkali, 
and usually a numlier of treatments are necessary. To obtain complete 
inethylatiou without degradation, it is necessary to work nt low tempera- 
tures and in nitrogen (see p. 535). 

-c-o ir C-OCH, 

I 

It is (liffirult to achieve complete mctliylation (45.57% OCHs). 7 * The use 
of a quaternary ammonium hydroxide as the base improve** the method, 
particularly when water-soluble products of low alkyl content arc desired. 78 
The solubility of these products varies markedly with the alkoxyl content. 
Although the original cellulose is insoluble in water and organic solvents, 

ri T. Lieser and K. Jaks, Ann., 64&, 204 (1941). 

n E. J. Lorand and E. A. Georgi, J. Am. Chem. Soe., SB, 1166 (1937). 

11 See discussion by : G. G. Johnston, J . Am. Chem. Soe 65, 1043 (1941). 

71 L. H. Bock, Ind. Eng. Chm., SB, 986 (1937). 
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the product Incomes soluble in cold water as the mcthoxyl content ap- 
proaches 1.5 groups per glucose unil ; at still higher mcthoxyl contents, 
the substance lwomes water insoluble and more soluble in organic solvents 
(pyridine, chloroform, etc.). Interesting enough, the material soluble in cold 
water is insoluble in hot water and precipitates from solutions which are 
heated although it redissolves in cold water. This phenomenon is ascril>od 
to the formation of hydrates which dissociate at higher temperatures. The 
increase in waiter solubility as a result of partial methylation rauy be due to 
the disorienting effect of the alkoxyl groups. Thus, the mcthoxyl groups 
may prevent the association of neighboring celluli>se chains by thrir steric 
effect (i.e., they are larger than hydroxyl groups), but at the same time 
there w r i'l still be enough hydroxyl groups to confer water solubility 79 - 80 

The methylated celluloses have Ihhti of principal value for the elucida- 
tion of the structure of cellulose, but water-soluble methylcelluloses arc 
U'-cd for the preparation of printing inks for textiles. Methylcelluloses have 
good emulsifying properties which should Ik* of \aluc for such products as 
soaps, cleaners, waxes, etc. Their use as textile sizes and finishes for textiles, 
leather and paper has been suggested. The elhylcelluloses are of consider- 
able industrial importance as components of lacquers and plasties. 

6. Other Ethers 

Other ether derivatives of cellulose aw known, but, with the exceptions 
of benzyleellulose and earboxymet hyl cellulose, they are not of industrial 
importance although several have interesting properties. lJonzylcellulose, 
made by the reaction of lienzyl chloride oil alkali cellulose, is less hydro- 
philic than the methyl cellulose and formerly found application in injection 
molding hut its low softening point and extreme sensitivity to light and 
heat have caused it to be largely replaced by other cellulose derivatives, 
(lly col cellulose (liydroxycthylcelluluHc), made by the action of ethylene 
oxide on alkali cellulose, is soluble in water and insoluble in organic sol- 
vents. 81 The substance presumably is the monoether of ethylene glycol, and 
upon acetylation three neetyl groups are introduced for carh glucose 
residue. 

HC— OH + CH.--UH, > 1IC- OCHt- <’11,011 - — 


I1C - OClIj - CIIjOAc 


10 D. Traill, J. Hot. Chm. Ind., 63 , 337 (1934) ; K. Heymann, Trans. Faraday Soc., 
31 , 846 (1936) ; 38, 402 (1936). 

11 See: P. Hchorigin and J. Rymascliowskaja, Her., 66, 1014 (1033); A. W. Sehorger 
and M. J. Shoemaker, Ind. Eng. Chem., 39, 114 (1937). 
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Carboxymethyl cellu] ose is formed by reaction between monochloroocetic 
acid and alkali cellulose. 83 

HC— OH + Cl CHiCO OH ► -C--0-- CIIjCOOH 

I I 

Because of the presence of the carboxyl groups, the ether is soluble in 
alkalies and water and insoluble in organic solvents. The action of phos- 
phorus triiodide severs the ether linkage, and cellulose and glycolic add are 
liberated. The dissociation ronstant of the material lias a value of 5 X 10 -i 
and is similar to that of other fairly strong organic acids. 

Oyanoethylcellulose of a high degree of substitution U made by treatment 
of cellulose (D.P. 350 to 400) with a large excess of acrylonitrile in the 
presence of alkali. 

Monotrityl derivatives 7 * ore formed from cellulose by treatment with 
triphrnylmcthyl chloride; as with the simple sugars (p. 348), the primary 
alcoholic groups are preferentially etherified. 

F. Methylene Derivatives. 81 Reaction of cellulose with the n -propyl 
acetid of formaldehyde [((VM))* ('ll*)] in the presence of arctic anhydride 
results in the introduction of one methylene group for each pair of glucose 
residues (8% (’IfjO). Since acetic anhydride liberates formaldehyde from 
the propyl acetal, the reaction probably resembles that of the simple sugars 
with aldehydes and ketone* (p. 222), which results in the formation of an 
acetal or ketal in which two hydroxyls are involved. The number of methy- 
lene groups per hydroxyl group may be increased considerably (17.2% 
CTIjO) by carrying out the reaction with (t'lCIIihHO* and similar esters. 
The products exhibit some unusual properties that make them of interest. 
.Vs the methylene content increases, the products ha\e less tendency to 
sw ell in alkaline solutions and become less soluble in cuprammonium solu- 
tion. Highly substituted products are very unreactive under alkaline con- 
ditions but still are susceptible to hydrolysis by acids. Fibers made from 
such material are very brittle. 

These unusual properties probably result from the formation of methy- 
lene linkages ( CIU -) between neighboring cellulose chains rather than 
within the same glucose residue. 

** J. K. Chowdhury, Biochem. II., IJjS, 76 (1924) ; W. L. Harnett, J . Soc. Chem Ind , 
40, 263 (1921); C. J. Brown and A. A. Houghton, J. Soc. Chem. Ind., 60, 264 (1041). 
Possible uses of this material aie described by C B Hollabaugh, L H. Burt and 
A. P. Walsh, Ind Eng Chem , 37, 913 (1915) 

u 11. C. lloutz, l .S. Patent , 2.375.M7, Ma» 16. 1016 

11 M. Hchcnk, Hein. Cfnm Acta, IK, 10H8 (1032) ; F. Wood, J Soc. Chm. Ind., SO, 
411 (1031); P. Helioripn and J Ryiuosclicvrskaja, Ccllulotechcm., H, 81 (1033); K. 
Gotzeand A. Reiff, Chem. Abel , 37, 2670 (1043). 
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—0— — C- — C— — C— 

! II' 

II— C— OH + CH|0 + HO— C— H ► H— C— 0- CH.0— C ~H 

I III 

■ C- — 0— — c- -c- 

I I 

Such cross linkages would stabilize the position of the chains, prevent 
swelling and decrease* the elasticity. 

G- Hydrolysis by Enzymes . 88 It is common knowledge that wood and 
other cellulosic material "decay/ 1 but the action of enzymes and micro- 
organisms on celhilose has not received investigation commensurate with 
Ihc importance of the subject. Controlled enzymic hydrolysis or fermenta- 
tion of waste cellulosic materials, in the future, may provide new and cheap 
sources of sugars and organic chemicals. The natural decomposition of 
cellulose products is due to bacterial and lungal action, but a discussion ol 
the action of microorganisms lies outside the scope of the present work.* 

Because* of the insolubility of cellulose, it seems probable that the action 
of microorganisms tukes place by ihe secret ion of enzuncs (rellulasos) 
onto the surface of the substrate material. ( Vllulases seem to lx* iairly widely 
distributed in fungal and bacterial emulsins and in the digestive juices of 
snails Crustacea and certain fish. 

Pringsheim reports that the hydrolysis of cellulose by enzymes of thermo- 
philic bacteria proceeds through the intermediate lormation of rcllobinsc, 
and that a cellobiasc (0-glucnsiduse ) is also present which continues the 
hydrolysis to glucose. It is claimed that the eellula.se is more stahle to 
higher lemperatures than the jS-glucosidaae, and by conducting the hydroly- 
sis at 67°(\, an accumulation of cellobiosr takes place." 7 

The action of snail cellulase on various types of celluloses hits rereived 
attention from Karrer and associates.™ By repeated enzymic treatment, 
it is iMjssible to obtain degrees of hydrolysis ol' cuprammonium and ’wscose 
rayon as high sus 05 to 9(5%. Under similar conditions, Helferich and 
CJoe^deler ^,, report 02% saccharification of cellophane as a result of a 

11 P. Karrer, “Polymere Kohlenhydrate,” p. 108, 211; AkademiBrhe Verlagsgesell- 
schaft, Leipzig (1026). 

11 Fur information on this phase of the fiubjert, the following references are sug- 
gested: A. G. Norman and W. H. Fuller, Advances in Enzymology , 2 , 230 f 1942) . A. C 
Thaysen and H. J. Bunker, “The Mirrobiology of Cellulose, Ilomi celluloses, Pectin 
and Gums," Oxford University Press, London (1927). 8. A. Waksman, in “Wood 
Chemistry/ 1 (L. E. Wise, Editor), p. 828; Reinhold, New York (1044). 

11 H. Pringsheim and W. Kusenack, Z. physiol. Chem ., 187, 266 (1024); II. Prings- 
heiro, ibid., 75, 266 (1012). 

11 P. Karrer «f of., Helv. Chun. Acta , 8, 893 (1026); //, 229 (1928) 

81 B. Helferich and J. Goerdeler, Her. Verhandl. sticks. Akad. Wiss Leipzig, Mail i 
phys. Klassr. 92, 76 (1940). 
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ninglc treatment. Native cotton cellulose and wood are much more resistant 
to ensymic hydrolysis than arc the degraded celluloses. Since the reaction 
is heterogeneous in character, it is possible that one of the mnm luunhlcs 
is the surface area or relative degree of crystallinity of the sulistratc Thi*» 
factor has never l)een given adequate consideration, and it is probable that 
the differences in the relative crystallinity may to a considerable extent 
explain the great differences observed between the various cellulose types 
The action of celluloses on wood has been studied in partieular by Ploetz.*' 
In a study of the action of the cellulose and cellobiase OS-glucosiilasc) 
of Aspergillus orysai emulsin on a series ol cellodextrins, it was shown that 
the two enzymes ean lx* separated by preferential adsorption on aluminum 
hydroxide and thul the cellulose can hydrulyze cellulose and ({(‘gradation 
products (low u to u molecular weight of alrnit 1000. On the other hand, the 
P-glucoaidusr can hydrolyze eellohiose and eellohexaose lull not the cello- 
dextrins with molecular weights greater than aboul 1000.“* 

Both cellulose and lichcnin are usually degraded by the action ut the 
crude enzyme preparations of the typos deserilwd altove. The action of 
Aspi rqillus orqzae eniulsins on tlipse two «ul>st rates soonis to lx* due to the 
presence ol iwu distinct enzymes which may lie separated by Iractiunal 
precipitation with alcohol and ether and which ha\e different optimal 
acidities.** 

•• T. Plod/, Hu , 7i, 1885 (1989), IS, SI, 61, 71 (1940) 

11 W CiiasHnianu, I, Zerlimeider, (! Tdlhanrill Mtadlei, .ln« , SOS, 111" (10.131 
M K Kreurien berg and T l’lod/, Z physiol Chcm , 259, 19 (1939) 



C'HAPTFIt XIV 

THE STARCHES AND STARCH SUBSTANCES 
1. Introduction 

Both cellulose and starch are glucose polymers and frequently are found 
in association, but they exhibit widely different properties and have differ* 
ent biological functions. The role of cellulose is that of a structural sub- 
stance, but starch acts as a reserve matcriul. During the growing period of 
the plant, the glucose is stored ns fine granules of starch in the seeds, roots 
or fruits. In periods of active plant growth, particularly in the spring, the 
starch is converted to soluble sugar and transported to the position where 
it is required for transformation to cellulose or other products. 

In the portions of the plant in which starch is stored, the starch content 
may be very great. Thus, some seeds and grains may consist of os much as 
70% of starch. The tubers and roots of many plants and the pithy stems of 
certain palms contain smaller quantities which may he ns great us 30%. 
The starches of most interest from the industrial standpoint are derived 
from corn, potatoes and tapioca. 1 Othcis of less commercial interest are 
obtained from wheat, sago, sweet potatoes 2 and rice. Since tapioca (cassava) 
starch is produced from an East Indian plant (Manihol species) and must be 
imported, there is considerable interest in developing starches of similar 
properties from waxy grains such us sorglmm and maize. Wavy maize 
starch resembles tapioca starch in many of its properties and bus l>ccu made 
on a commercial scale.’ A substance closely related to starch and called 
glycogen is found in animal tissues, particularly in liver and muscle tissues, 
and serves as a reserve polysaerharide. 

The term starch covers a manlier of related substances having different 
stmrtures and molecular weights. In the present discussion, it is used when 
reference is made to properties or reactions common to ull of the constitu- 
ents or when no attempt lias been made to separate the various starch 
substances. It might be preferable to speak of starches rather than stareh, 
since not only is the product obtained from a single source inhomogeneous, 
but the relative proportion of the various constituents varies arcording 
to their origin. Because of tlieir technological and biologiral importance, 

1 For a comprehensive disrussioa of tlic starch industi.v from the economic and 
trade viewpoint sec : “Starch, Dextrinee and Related Products," U. 8. Tariff Commis- 
sion Report no. 138 (1040); Superintendent of Documents, Washington, I). G. 

’H. S. Paine, F. II. Thurber and R. T. Raich, lnd. Eng Chrn i., 90, 1330 (1038); 
F. H. Thurber, ibid., 95, 665 (1933). 

* See: II. II. Srhopmryer, (J. K. Felton and C. L. Ford, lnd Eng. C 'hem., 95, 1169 
(1943). 
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the starch substances have received much study, but more investigation is 
required before their structures may lx» considered as established. 

The identificatic n cf starches of different types is accomplished by an 
examitmtii n of the size and shape cf the granules, the temperature of 
gclutinizutinn, the tlegrce of polarization (under crossed nieols), the rate of 
swelling (in the presence of jigents such as chloral hydrate or chromic acid) 
and the extent of coloration by iodine. Iteichert 4 has suggested a systematic 
scheme of identification based on these properties. A mom recently 
developed property which may be of value for this purpose is the amount 
of linear and branched chain material present (amylase and amylopectin) 
(see below). 


2. Composition 

A. General Composition of Starch Granules. Nati\e staicli is found as 
microscopic, anisotropic granules exhibiting characteristic differences in 
form; its source often may be determined by an cxaminalii n of the shape 
and size of the granules (see Fig. 1). The shape may lx* oval, spherical nr 
irregular, and the size is usually in the range* 0.002 to 0.15 mm. Stratified 
layers am visible particularly after the grains am swollen in hot water. 
Intact starch grains am insoluble in cold water, even after long soaking; but 
after the outer membranes am broken by crushing or grinding, the mate- 
rial swells in water. The effeet. of sevem grinding may be to break inter- 
molecular linkages, for the amount of material soluble in cold water and the 
reducing power increase progressively as the grinding process is continued. 6 

Hot waiter produces swelling of intact granules, and at sufficiently high 
temperatures, the granules burst and form viscous solutions cr gels. When 
such solutions am cooled, rigid gels may be formed by the crystallization of 
the* dissolved or dispersed starch substances as networks occluding much 
soluticn. ( Hher solvents also act as gelatinizing media ; to be included among 
them 1 solvents am liquid ammonia, liquid 110N, furmamide and formic acid. 
Alkalies and nitrogenous bases exert a dispersing action even at room 
temperature, and salts in the order of the Hufnioister series act similarly. 

In addition to the carbohydrate content, the starch grains contain minor 
constituents. Some, although present, in small quantity, have lieen assigned 
an important part in the explanation of certain properties. Much of the 
lvater content of the granules forms a part of tin* CTystaUine structure, for 

1 E, T. llcirliert, Cnrnpyie JnM Puht , No. 173 (1013V, F. I). Ariiulagp, Inti. Chemiitl t 
ID, 3K3 (IMIS). .1 A. llnd lev, “Ktnrrli and Its Derivatives,” p. 205, Van NoKtruml, Now 
York (1040). O. 11. Truboll in ‘‘(liennstry ami Industry of Ft arch , M R. W. Kerr, 
Editor, A rad emir Press, New' Yoik (104 1). 

* h. II. Lampiff , C. li. F. Fuller and N. Uoldenberg, J. Ahr. Chun. Inti., GO, 1, 25, 
301 (1041 J. 









CHEMISTRY OF THE CARBOHYDRATES 


504 

when it is removed, the X-ray diffraction pattern changes from a crystal- 
line to un umorphous diagram. Various higher fatty acids are found asso- 
ciated with the curlmhydrnlc in amounts occasionally higher than 0.6%. 6 
Although Taylor and Lehrnuin have considered that the fatty acids are 
combined with the starch, Schnch 7 has shown that the acids may be ex- 
tracted by water-soluble fat solvents such as methanol and that they are 
merely adsorlied on the earlnihydrate. For scientific investigations, it is 
recommended that raw starches be purified by extraction with boiling 80% 
methanol. 

A small amount of phosphorus is found in the starch grain (0.01 to 0.2% 
l 1 ). The combined phosphorus has been considered, particularly by Hamer 
and his associates,'' to play an important part in the structure of the starch 
molecule. Other workers, however, ascribe no significance to this constitu- 
ent. The phosphorus of com, wheat and rice starches is removed by re- 
peated extraction with warm water and alcohol, and glycerol mono- 
phosphate has been identified in tlie extracts.* Other starches, of which 
potato starch may t>o considered as representative, contain esterified 
phosphorus. Oil hydrolysis with acids or enzymes, glucose 6-phusphatc is 
formed. 11 Potato and similar starches, in contrast to the meal starches, 
exhibit a close correlation lietwcen the phosphorus content and the con- 
ductivity, hydrogen ion conn Titration and titra table acidity. B This distinc- 
tion between cereal and root starches is also shown in the oxtractability or 
the phosphorus constituents by the action of boiling 80% dioxane. The 
phosphorus constituents of wheat starch art 1 almost completely removed, 
but those' of potato starch an* only affected to a minor degree. 7 The esleii- 
fied phosphate is removed by heating aqueous starch solutions under pres- 
sure as well as by the action of enzymes. Although certain characteristics 
such as the pasting and acidic properties air affected by this treatment , they 
air resinned by rephosphorylation and Income accentuated upon increase 
of the nla sphorus content above the normal quantities. h Small quantities of 
silicic acid (<0.07%) and nitrogenous substances also are associated with 
Ihc starch granule. 

B. Amylose and Amylopectin. Starch granule's consist of two principal 
types of carlmhydratcs: a straight -chain, polymerized maltose and a 
branehed-eliiiin, polymerized maltose. According to K. II. Meyer, 10 tlie 
straight -chain molecules are 1 to be called amylose and the brunchcd-chain 

B T. (\ Taylor and L. Lclirmun, J. Am. Chim. Bor , 48 , 1730 (1025); L. Lohrman 
and K. A. Kalmt, j but , 5!t, 11150 (1037); J. W. Kvuns and I). It. Briggs, Cntal Chvm 
18 , 443, 455 (1011). 

7 T. J. Hulmrh, ./. Am. Ch m. Hoc., 04 , 2144 (1042). 

* See: M. Kamrr, Chrm.-Zly., 09, 353 (1030); M. Sumer and M. Blinr, Kollmd-Bti- 
heftt , 47, 371 (1038); M. Samrr and L. Zagar, W'lrn. Chvm. Ztg., Ifi, 25 (1043). 

H T. Pnstmiak, Help Chim Ada , 18, 1351 (1035). 

10 K. II. Moyer, MaturwimsvnHrhafien, 28, 307 (1040). 
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molecules, amylupcctin. These names had been used previously to desig- 
nate starch factions obtained by a variety of methods, some of which are 
described below. Unfortunately few, if any, of these products called “amyl- 
nsc’ and “amylopectin’' conform to the definition of Meyer. In a few coses, 
it is reasonably certain that the reported "amylose” fraction resembles 
Meyer’s amylopectin more than his amylose. Many of the products have 
been impure mixtures, probably scarcely purer Hum the original starch. 
In the subsequent discussion, it will be shown that effective separation of 
the starch components may be obtained by treatment of starch sols with 
butanol and certain other polar organic substances; one fraction is pre- 
cipitated by the alcohol, and the other remnins in solution. The butanol- 
precipitated material appears to correspond well with the Meyer definition 
for amylose; the unprecipitatcd fraction is the amylopectin of Meyer. 
Hence in the subsequent discussion, the terms amylcsc and amylopectin 
will be used to describe components pure enough to agree with the Meyer 
definition. Materials of doubtful purity will to indicated by quotation 
marks around the name of “amylose” and “amylopectin,” 

Many other names for starch fractions are found in the literature. Some 
approximate equivalents for “amylose” nre 0-amylose, starch cellulose, 
and amyloamylnse ; synonyms for “amylopectin” are a-amylose, erythro- 
amylose and granulrse. Some inversion of those terms is found in the 
literature. 

According to the original definition of Maquenne, 11 “amykjpectin” is the 
portion of the starch granule whicli is responsible for the formation of 
starch gels and which is hydrolyzed by malt enzymes to dextrins. Most 
investigators have used “amylose” It) describe the mnteriul leached from 
starch granules by hot water. For the separation of the components, 
Samee employs ek*ctrophoretie separation of starch which lias been dis- 
solved in superheated water. “Amylopectin” migrates and precipitates at 
the anode whereaR the “amylose” remains in solution. 1 * There is some doubt 
as to whether these fractions arc related to the produets, with corresponding 
names, obtained by the solubility method. Another procedure involves the 
freezing of a starch paste previously heated to 130°C. The frozen mass is 
allowed to thaw, and the “amylose” is extracted with hot water (60 “C.). 1 * 
The preferential adsorption of amylose on cellulose (cotton) has also toon 
employed for the separation. 14 

An important contribution to the problem of obtaining pure starch 

11 L. Maquenne and £. Roux, Compt. rend., 140 , 1303 (19061- 

» M. Samee, et al.,Kolloid-BethefU, IS, 281 (1920); IS, 272 (1921); T. C. Taylor and 
II. A. Iddles, Ind Eng. Chem , 18, 713 (1926); R. M. Hixon and V. D. Martin, Tnd. 
Eng. Chem., Anal. Ed., 11, 396 (1989). 

” A. R. Ling and D. R Nanji, J. Chem. Soe., 1S3 , 2666 (1923). 

m C. Tanret, Compt. rend., 158 , 1363 (1914); E. Paeau and J. W. Mullen, J. Am. 
Chem. Soe., BS, 1168 (1941); M. Samar, Bet., 78A, 88 (1940). 
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fractions hab been made by T. J. Schoch. When a starch dispersion made 
by autoclaving starches and water is saturated with butanol, a crystalline 
precipitate forms. 11 The damp, crystalline material dissolves easily in 
water. This material is crystalline amyluse. From the mother liquors, 
amorphous nmylnpectin is precipituted by the addition of water-soluble 
alcohols. 

Other polar organic materials may lie used in the place of butyl ulcohi l.** 
A comparison of various alcohols for use in the separation oi the starch 
fractions lesulted in the following order of preference: 

Preferred: n-Amyl alcohol and Pentasol. 

Excellent: Hexyl alcohol, 2-ethyl-l-lmtanol, lauiyl alcohol, cycln 
hexanol, 30% isopropyl alcohol. 

Good: n-Butyl alcohol, 3-pentanol, 4-methyl-2-pentam I, d,l- 

Iximcol, a-terpinrol, n-propyl alcohol (20%). 

Fair: Isobutyl alcohol, aec.-butyl alcohol, 2-methyl-l-hutiuiol, 

isoamyl alcohol, terf.-amyl alrohol, menthol, 4(/% a -propel 
alcohol. 

Poor: Ethyl alcohol (30%), benzyl alcohol. 

Many other polar organic subs lances inay he used for this pui)ose 
Among these are the fatty acids, certain nitroparaffins and thymol. 1 ' 

'fixe precipitating action of fatty acids on amylosc is of particular interest 
beeause ot the natural occurrence of futty acids in starches. Unless the 
iatty acids are removed from starches by extraction with polar organic 
solvents (o.g., methanol or dinxanc), erroneous results may be i btnined 
because oi the removal of nmylose os an insoluble complex with fatty 
ucidf>. 1H As shown by Wilson, Schorh and Hudson, the ‘V’-amyleNe (also 
known as amylorellulosc and amylohemicellulose) described in the litei- 
ature undoubtedly iB a fatty acid-amylcse complex. This material separates 
os on insoluble prreipitute duiirg the enzymic hydrolysis of iinpuiificd 
starches. Coin starch has a very low' content of phi spliatc groups. When 
dispersed and plarcd in on electrophoretic cell, a fraction ol com starch 
migrates. This traction appeal's to be a portion of the amylr se that has Iktu 
made polar hv the adsorption of the natural Inlty acids. 

11 T. J. Bchurh, J. Am. Chem. Soc., 64 , 2057 (1942) ; H. W. Kerr and G. M. Severson, 
ibid., 66 , 193 (1943), E. J. Wilson, Jr., T. J Sohorh and C. S. Hudson, ibid., 66 , 1880 
(1943); E Wiegel, Z. phytik. Chem., 188A, 137 (1941); E Wicgel, Kolloid-Z , lOt, 145 
(1943). 

11 T. J. Schoch, Advance* in Carbohydrate Chem., 1, 247 (1945). 

17 T. J. Schorh and C B. Williams, J. Am. Chem. Soc., 66 , 1232 (1944); R. L. Whist 
ler and G. E. Hilbert, ibid., 67, 1161 (1945) ; W. N. Haworth, S Peat and P. E. Sagrott, 
Voters, 167, 10 (1946). 

" T. J. Schorh and G. B. Williams, J. Am. Chem, Soc., 66 , 1232 (1944); E J. Wilson, 
Jr , T J. Schorh and C. 8. Hudson, ibid., 66 , 1380 (1943). 
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In addition to nuiking crystalline amylt'Bes available for starch studies, 
the precipitation procedure also provides a means for the anals'sis of 
starches, for the precipitation of amyl< se appears to be nearly quantitative. 
Of the starches analyzed by this method, the proportions of amyloac vary 
fromG% in-waxy maize to a maximum of 35% in lily bulb starches. Ordinary 
corn and potato starches contain 22% of the omylose constituent. 11 It 
should be noted that the umylrse fractions from all Btarches are not iden- 
tical. This difference is shown in the solubility and crystal form; the varia- 
tions in these properties probably arc to be ascribed to differencea in the 
molecular weights of the amylnsc fractions rather than to differences in 
structure. 



Fig. 2 Iodine activity in amylnse and amylonectin solutions. 

Curve A, 0.01 g. nf amylopcetin from potato stnrrh; Curve H, 0.0075 g ni auiylo 
pectin from pntatn starch plus 0 0025 g. of "rryslallinu amvlose;” Curve C, 0.0060 g. 
of ainyluprrtin from potato starch plus 0.0050 g. of “crystalline aiuylose;” Curve D, 
0.0026 g of amvlopertin front jsotato starch plus 0.0075 g of "crystalline amvlose; 
Curve 10, 0.01 g. of “crystalline amylnsc ” The uppermost curve is for a 0.05 .VK1 
solution Ordinate: K.M.F. against normal ralomel electrode, 0.18, 0.20, 0.22, 0.24, 
0 26, 0 28. Abscissa: cubic centimeters nf 0.001 .V iodine solution, 0, 5, 10, 15, 20. 

(Reproduced from “Chemistry and Industry of Htarch,” ft. W. Kerr, Editor.! 

The two starch fractions exhibit different behtt\ inis in iodine solutions, 
and an important method of aim lysis of starch constituents has been 
developed by the use of iotline titrations.*® If successive portions of iodine 
are added to aniylose solutions, the iodine activity (tie measured from the 
E.M.F. cf the roll; Pt | J s , KI | calomel) remains fairly constant until 
elttmtcl eristic umeunts of iodinp have Itron udded: thereaftt*r, the activity 
increases as more iodine in adtleil (see Fig, 2, Curve E). This behnvior is 
best interpreted as a removal of the iodine from the solution through the 

11 These values may ueod some revision in view of improvements in the method of 
analysis. "Pentasol," a mixtures of amyl alcohols, giveB a value of 28% aiuylose for 
corn starch. The method of iodine adsorption, discussed later, gives low values in 
the presence of fatty acids. 

11 F L. Bates, D. French and ft. K ftundle, J. Am. Chtm. Sor , 05, 142 (IMS) 
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formation of a starrh-iorlinp complex. In contrast to the behavior of the 
amyloHP fraction, the addition of iodinp to amylnpectin solutions results in 
a continuous increase in the activity of the iodine proportional to the 
amount ol iodine added (Curve A). Mixtures of amylopeetin and umylose 
behave similarly to omylosc alone except that the initial period of stationary 
potential is less than for pure amylnsc (Curves B, C, D). The amount of 
iodine bound in the initial period in a function of the amount of amyloBe 
present and may be used fur its estimation. The appliratien of this method 
to the determination of the umylose content leads to the fr Mowing results: 
barley, com, sorghum, and rice starches of the waxy variety and glycogen 
rontain no am> lose; lily bulb starch contains the most umylose (34%) ; and 
in lx 1 tween these limits urc the tapioca and rice starches (17%), the wheat, 
popcorn, potato, com, and banana (21-24%), and the sago starch (27%). 
In most instances, these resultR agree well with the results of the butanol- 
preeipitaticn method. 

Another quantitative method suggested for the estimation of the nmyk sc 
and amylopeetin contents ef starehes depends on measurement of the 
absorption spectra of the complexes formed by the two components witli 
iodine. 11 An analysis of starch from wrinkle-seeded peas ot the garden ty]H* 
shows that this material has an unusually large amount oi umylose, 75%.” 
This starrh should lx* particularly interesting because of its high amyksc 
content. The extent of conversion of starches by enzymes (jd-amylases) also 
has been applied os a measure of the amounts of the two starrh constituents. 
By the latter method, it huH Ix'cn shown that starrh granules from growing 
potato sprouts may contain much mom amylnse than thi si* from leaves 
and tubers.** 

The two main starch fractions ait* characterized by fairly shurp differ- 
ences in a immlxT ot properties. Amyloscs give a deep blue color with 
iodine, adsorb fairly large quantities of iodine from solution, and are 
completely adsorbed by relink so. The solutions yield gels that an* quite 
unstable and deposit crystalline inutcrial. In contrast, amylopectins give 
red to purple colors with if dine, adsorb less iodine and in a different man- 
ner, and are nol adsorbed by ft* link so. Solutk ns of amylepertin are fairly 
stable even when saturated with butanol. Amyk scs have appreciably lower 
molecular weights than amylopectins and are hydrolyzed to a murh 
greater extent by 0-ainylases. As will he shown kiter, the umylose fractions 
have a linear htmrture analogous to cellulose, whereas the amj lopertins arc 

» R M Mcfready and W. Z. Hassid, J. Am Chnn Soc , 66, 1164 (1D43); R. R. 
Baldwin, R. S. Bear and R. E. Rundle, ifcirf., 66, 111 (1044), R W. Kerr and 0. R. 
Trubell, Paper Trade J., 117, No. 16, 25 (1043). 

11 J V Nielsen and P C. Gleason, Inti Eng Chi m , Anal Ed 17, 131 (1046), 
G K Hilbert and M M MrMasIpis, J Biol ('hem , IttJ, 220 (1040) 

11 K If Meyer and P. Heinrirh, Heir Chun Ada, 26, 1038, 1630 (10421. 
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highly branched. Amylnpcrtins from pcWu and tapioca starch frequently 
are associated with phosphate groups, which may be responsible for their 
electrophoretic behavior Amyloses give X-ray diagrams indicating a high 
degree of crystallinity, whereas the diagrams given by amylopcrtiiiBU ually 
arc of the amorphous type. 

There is little doubt but that the omylose and amylopertin fractions are 
heten geneous both in regard to the molecular size of the molecules as well 
os in the degree of branching. Such a concept explains the known differences 
between starches which have quite different properties but which have 
about the same relative amounts of the two main fractit ns, e.g., com starch 
and tapioca starch. There is not much experimental evidence to suppe rt this 
view, but Kerr 24 has shown that rom amylose ran be fractionated into 
materials having different intrinsic viscosities. 

C. Soluble Starches. The pasting and gelatinizing properties of starches 
may be altered to give modified starches which dissolve in hot water with 
the formation of limpid solutions. These “soluble starches’’ are produced 
by the action of oxidizing or hydrolytic Agents on raw starches. Many such 
products are described, hut the best known are probably the Lintnerand 
tlie Zulkowsky soluble starches. The Lintncr method 24 involves the treat- 
ment of raw starch with 7.5% hydrochloric acid for seven days at room 
temperature. Zulkowsky, 21 however, heated the starch with glycerol at 
190V. 

Many commercial soluble starches are made bj the treatment of starches 
with acids at temperatures below’ the gelatinization point. These products 
are the “thin-lioiling” starches. Other similar products are made by the 
oxidation of starches (see Oxidation products, below). The term “soluble 
starches” is somewhat inept because the products will not dissolve in cold 
water and localise Relation of the solutions will takp place, although the 
carbohydrate concentration that is necessary for gelation is higher tlian 
for unmodified starches. 

D. Chemical Evidence for Structure, t'arbon-hydn gen and molecular 
weight determinations on whole starch lead to the formula (CiITigOi)x. 
Arid hydrolysis produces D-glucosc, and tliiH process, employed in the 
commercial preparation of the sugar (Chapter III), yields mote than 90% of 
the crystalline sugar. By the action of acetyl bromide or IIBr in acetic 
acid, starch is converted to heptaacctylmaltosyl bromide in yields of 37 to 
45%. 2T Maltose, in yields us high as 70-80%, is also formed by enzymic 
hydrolysis of com and potato starches. Each of the CYH»OiunitB has throe 

» It. W. Kerr, Cereal Chem., 7, 377 (1945). 

■ C. Lintnor, J. prakt. Chem., (2] 84, 378 (1886). 

" K. Zullcowaky, Ber., 18 , 1396 (1880). 

*’ K. Freudenberg and K. Boff, Ber., 88, 1252 (1986). 
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unsubHtituted hydroxyl groups as is shown by the formation of tripsters 
and triethers such as the triacctyl and tiime thy 1st arel les. 

The above evidence shows that starch is a polymer of glucose in which 
the glucose units art' combined mainly through 1 ,4' glueosidic bf nds having 
the a-eonfiguration (maltrse type). This structure is rcnfirir.ed by the 
isolation in yields of 80 to 90% of 2,3, 6-trimolhylglucow by the acid 
hydrolysis of methylated starch. 2 *' Tlu» higli dextrorotation ot both starch 
and multi sc and the study of the kinetics of the hydrolysis are in agreement 
with a structmc mainly based on 1 ,4' gluei sidie linkages with an nr-ctn- 
figuration. 29 Methylated tri- and tetrasacchaiides, with the maltiM* type 
of structure, are obtained by the methylntion ami distillatii n ot the pre fi- 
llets of the aretulysis of starch. 10 From the alnive evidence, the basic stnir- 
turc of the starches may lx* formulated as a chain of maltose units: 



Ah will be shown, this structure best represents the amylase burl ion ol 
starches. The stmctiue of the umylnpcdin is more complicated and maj 
be derived from the above fonnuki by the attachment of side chains tin ougli 
1 ,6' glueosidic bonds. 

E. Molecular Weight of Starches .' 11 In sf itr i f many effi its to measuie 
the molecular weights ol st niches, there is cc nsiderable disagreement in the 
results ot diiTomit invesligntors. The origin of the differences arises to a 
considerable degree in the difficulty in bringing the starch fractions into 
solution withrut concurrent degradation and in the employment of in- 
homogeneous fractious. Althi ugh the tunyh se may go into solution 
readily, crystallization ( l, relrograrlation n ) takes place fairly rapidly. Foi 
methods depending on the counting of the particle* or ii ns (e.g., rsmutir 
pressure), the ainylejieftin fraction may present difficulties because* ot 
the phosphate content w r liirh, although small, provides innirablc hydrogen 
atoms. 

Omolir PrutHurv Method. Saniec* 1 rejiorth a molecular weight for potato 

11 J. C. Irvine And J. Macdonald, J. Chem. Soc 1502 (1026) ; E. L. Hirst and G. T. 
Young, ibid., 651 (1030). 

I# K. Freudnibcrg, G. Blomqvist, L. Ewalil and K. flnJT, Hu.. 69. L25S (1036); 
K. H. Meyer, H. Ilopil and II. Mark, Hit., 68 , 1103 (1920). 

10 E. Freudenlierg anti K. Frierlrirh, NaturwisscnBckafhn, 18 , 1114 (1030). 

11 M Samer, Kolloid-Beihefte, 61, 378 (1040); K. II. Meyer, "High Polymers , n 4, 
p. 387; Interscienre Publishers, New York (1042). 8ee also Chapter XII. 
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“amylopectin” of 207,000, for potato “amylcses” of 82,000 to 130,000, ami 
for wheat “amylases” of 90,000 to 156,000. Wheat starch purified by 
treatment with formumide at 120 °C. is reported to have a molecular weight 
of 286,000 (IJ.P.— 1770) infirautmidc solution. No significant change in 
the degree of polymerization is observed when the latter product is act 'y- 
lated and subsequently deuretylated “ Kxtmrticn of starch grains under 
mild conditions gives an “amyli so” fraction with molecular weight (after 
conversion to tire acetate) of 10,000 to 00,000 whereas thut for the “amylo- 
l>ectin” residue varies over the range 50,000 to 1,000,000." 

Application of the Ultracentnfvgc . Studies carried out by use of the ultra- 
cot) tritugo show that solutions of starch are extremely heterogeneous. 
Com starch solubilized by dry grinding of the granules has ls*cn studied by 
Beckmann and landis. 1 ' Tlie “amykse” traction n‘muining after elertro- 
phoretic separation of the “am.v lopeetin ” varies iu molecular weight from 

17.000 to 225,000 with nearly 50% of the material falling in the range 

31.000 to 01 ,CMK). Determination or the form factors of fractions separated 
on the basis of tlipir solubility in methnuol-watcr mixtures indicates a grant 
departure from spheriral shape for the molecules composing the main 
fraction; only the particles composing the most soluble fraction have an 
approximately spherical shape. 

1-amrn has icportcd that the measurements are greatly influenced bj 
the process used for dissolving the starch granule and employed concen- 
trated solutions of zinc chloride or sodium mercury chloride to dissolve the 
material. The average particle size is of the magnitude of 4,000,000 under 
these conditions. Starches which have been treated with aeids give diagrams 
with two peaks, which correspond to molecular weights of 60,000 and 
200,000." 

ViecoKttji Mraxiircvirhls. The viscometric method is diflindt to nppl,\ 
to the determination of the molecular weights ol undegraded starches 
because of the difficulty of pn*i aring stnreh solutions mid because of the 
instability (retrogrudutii n) of the solutions. A series of degraded xturehes, 
prepared by acid hydrolysis and purified by frnctionnti< n with methanol, 
bus 1 m“cu used by Staudinger and Ilusemann fc r the dotoimiinilh n of the 
K„ constnnt in the eqimtim e< nrecling \isrisitv and nn Iccular v eight : 

— = K» M. Tlie molecular weights determined osnu metrically and the 

c« rrespi nding visci sities of formumide solutions 1 1 the ] roducts are used 
tor the determinatii n of K*. An average value i f 0.63 X lb -4 is reported 

11 II. Slaudiuger and E. Ilusemann, Ber., 11, 11)57 (11)38) 

«K, II. Meyer, W. lirentanu and P. Derafeld, He Is. Chin. Acta, iS, 84ft (11)40). 

" C O. Beckmann and Q. Landis, J. Am. Chem. Soc., HI, 1405 (1939) 

11 Heo: The ftvedberg, Ind. Eng. Che m., Anal, Ed., 10, 113 (193H) 
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for K m . The K m values for the corresponding acetates and methylated 
derivatives also have been measured for several solvents. 

A number of esters of unfractionated starch have been prepared by 
Mullen and Pacsu 1 1 under conditions involving minimal degradation. The 
molecular wcighta are calculated from the viscosities in pyridine solution 
using an approximate value of K m — 0.7 X 10~ 4 . The reported vbIucb for 
the triacetates of starrhes lrom different sources vary from 490,000 for 
rice starch triacetate to 510,000 for potato starch triacetate. These values 
correspond to 220,000 ami 300,000 for the corresponding deacctylated 
starches. 

The viscosity -concentration relationship for cthylenediamine solutions 
of amyloM* fractions is in agreement with the belief thut they are linear 
polymers, hut the molecular weights are probably somewhat greater 17 than 
the range 10,000 to 00,000 reported by Meyer. 

Mmcllaneovti Method h. The reducing power of unmodified starclieB, 
although small, lias l>ceii used to estimate the size of the starch molecule. 
Unmodified whole starches have reducing values lictuecn 2.8 and 8.9 mg. 
copper/g. starch. By use ol this method molecular weights of the order of 
74,500 to 238,000 (i).P. 100 to 1470) are obtained. 1 * 

The mcrraptnlation procedure of Wolfrom 1 * leads to a degree of poly- 
merization (D.P.) of ubout 150 glucose units for u sample of methylated 
potato starch which has a D.P. of about 7000 as measured by the visco- 
metric method. Synthetic starch prepared by the action of potato pbos- 
phoryluse on glucosr phosphate (the Cori ester) exhibits u polymerization 
degree of 32 ± 1. The difference between the values obtained by the 
mercnptalation procedure and those obtained by tbe tiscometrir, end 
group and other methods remains unexplained. 

F. End Group Assay and Molecular Structure. The quantity of tetra- 
methylglucoso obtained by the hydrolysis of methylated starrhes usually 
amounts to 3.8 to 4.6% of the theoretical. 40 ’ 41 This quantity ccrrespc nds 
to one tetramethylglucoae (one end group) for every 24 to 30 glucose units 
in the original material. If it is assumed that each molecule contains only 
one eud group, the molecular weight must lx* of the order of 3000 to 5000. 
Such a conclusion is in direct contradiction to the values from osmnmetrir, 

* J. W. Mullen and 15. Pacsu, Ind. Eng. Chem., 94, 1200 (1942). 

" J. F. Foster and R. M. Hixon, J. Am. Chem. Soe., 86, 018 (1943); 88 , 557 (1944). 
See also: R. 8|>eiscr and It. T. Whittonbcrgcr, J. Chan. Pkye., IS, 349 (1945). 

" W. A. Richardson, R. 8. Higginbotham and F. D. Farrow, J. Textile Inet., 97, 
181T (1930). 

** M. L. Wolfrom and D. R . Myers, J. A m. Chem. Soe., 89, 1336 (1941) ; M. L. Wol- 
from, C. 8. Smith and A. K. Brown, ibid., 86, 255 (1943). 

40 E. L. Hint and G T. Young, J. Chem. Soc., 951, 1471 (1939) 

41 K. Unu and B. Kr&jnu, Brr., 79, 976 (1940), 
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ultracentrifugal and viscometrir measurements, determined to be much 
greater than 100,000 und probably of a higher order of magnitude. The 
investigation of this anomaly has been earned out intensively by Haworth, 
Hint, Hess, Staudinger and their asaoriaten. Although it was previously 
believed that the results might be interpreted on the basin of an agipv- 
gation of small molecules, the results are non explained by considering 
that Rome of the ntareh molecules consist of branched chains. 

In order to reconcile the results obtained from the inethylation studies 
with the observed molecular weights, Staudinger 4 * has proposed u branched* 
rliain structure for amylnpertin which is represented schematically below. 
As noted above, each repeating unit lias from 24 to 30 glucose residues 
which are distributed between the side chains and the main chain. 

gluroBC 

I 1 

I 4 ' 

(glurohp), 

V 
fl 

glucose - (glucose)* 

-1 4 - V r 


Repeating units (z + j/ — 22 to 28) 

The terminal group of ouch chain, after comp Ido hydrolysis of the* 
methylated starch, should yield u molecule of tetramethylglucoHO. The 
glucose re&idue that is located at the other end of the sidr chain and that 
forms a part of both the main and the side chains should give a correspond- 
ing molecule of dimcthylglueose. In actual practice, however, the amount ol 
dimcthylglucosc in the hydrolysis products musl l>o interpreted with 
considerable caution; if the methylution is not complete, the amount ol 
dimcthylglueosc produced, will l>c greatly affected. Ilassid and MeCreiuly 41 
report the following propoitions of tetra-, tri- and dimeth.vlglu coses in the 
products of the hydrolysis of methylated coni starch: A 5, 90.7 and 4.7%, 
respectively. Ilowev or, from stairh methylated 12 to 1 5 times with dimethyl 
sulfate and alkali, Peat anil Whetstone 11 isolated 4.0% “lotru”, N4.5% 
“tri’ 1 , and 10.9% “di”. 

The dimethylglucosc fraction consists of 2,G- and 2,3-dimethylglueoscs. 
The former in all probability is an artifact, for similar quantities are pro- 
duced from methyl 2,3.6-trimetliylglun side under the same conditions as 
thrse used for the hydroljsis of the meth}lated stairh. Sin re the corrected 

«H. Staudinger and E. llusemsnn, Ann , SB 7, 195 (1937;. 

« W. Z. Hassid and K. M. McCready, J, Am . Chm. Hoc,, 63, 1632 (1941). 

44 S. Peat and J. Whetstone, J. Chem. Soc , 276 (1940). 
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amount oi 2 , 3-<liinothvlglucose is equivalent to the quantity of 2,3,1, 0- 
tetramethylglucose, there is one branching group for each end group. The 
isolation of the 2,3-dimethylglucoHe makcR it probable that the Ride chains 
are connected to the main chains through 1 ,6' linkages. 11 

The preceding evidence shows that the starch molecule probably consists 
of a nuinijer of chains averaging 24 to 30 units in length, but it provides no 
evidence of the extent of deviation from this average length. It seems 
probable, however, that chains of 24 to 30 units may be fairly invariant 
structural units. This conclusion is supported by the constancy of the 
end group content of starches from all sources studied. Also, methylated 
starch can lie hydrolyzed with oxalic ucitl in aqueous alcohol solution to 
give products with molecular weights as low as 20,000 (/>./*. 120); all 
these degraded products contain the proportion of end groups present in the 
original material Hydrolysis to :i greater extent, however, leads to products 
with a greater piopoit ion of end groups. The 1 Kinds whieh are broken hi the 
disaggregation process are primary valence Winds, for the rate of hydrolysis 
and the activation energy are comparable with those for the hydrolysis of 
simple glucc sidch 41 11 These results probably explain the apparently 
different effeet of oxyceu during the mcthylation of atareli and of eellulose. 
The end group content of eelhdoro is greater when the mcthylation is 
earned out in air than when it takes phut* in nitrogen. Although disaggrega- 
tion probably lakes place Jor lxitli materials, it results in an increase of end 
groups only for the 1 straight cellulose chains 

On the basis of the disaggregation experiment*, it lias lieon suggested that 
the starch molecule consists of parallel chains. 17 hnch chain consists of 
24 to 30 glucose units and is joined to a neighboring chain by a glueosidic 
linkage between its head group and the glucose unit or uu adjoining chain, 
prolmltl) I)} 1 , (i' bonds. This laminated structure h illustrated schemati- 
rallv in the billowing diagram whrrr the straight lines represent the parallel 

o 1 

o - 

o- 


O S 

chains nl 24 to 30 members; the arrows, ghw Bidir linkages lie! ween cliains; 
and the circles, teiminnl end gn uj s. 

14 K. Freudenberg and II. BoppcL, Bit , 7 5, 000 (1940) ; C\ C. Barker, E. L. Hint 
and G T. Young, Nature, lift, 200 (1941). 

•C K II. Bawn, E. L. Hirst and G T. Young, Trans . Faraday 8oc., 36, H80 (1940) 
47 W N. Haworth, Chemistry <fr Industry, 17 , 917 (1989) 
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lJm structare differs irom the branched structure proposed bv 
Staudmger m that the laminated structure has no principal chain. Instead 
it conaiate of a number of chains of 24 to 30 glue, sc unite each ; tne. reducing 
group of oach of these chains is connected by a gluecsidic linkage (a-1 6?) 
to a second similar chain ’ ' 



Branched Structure Multiple Branched Structure 

(Staudinger) (Meyer) 


Meyer bus proposed a multiple branched structure which has no central 
chain. ThiB structure is supported by Myrb&ck'* as a result of considera- 
tions of the possible mechanism of synthesis by enzymes. The experimental 
evidence for these structures is meager, but il should be possible to obtain 
additional information. It wr uld seem that the limit dextrin obtained by 
the action of 0-amylase (sec p. 587) should be a key substance for these 
studies. 

As nmylopeetin has a molecular ueighl greater than 200,000 ( D.P . > 
1300) and has one end group for each 27 residues, the molecule must con- 
tain at least 50 branches. On the other hand, umylosc is reported to haw a 
molecular weight, not greater than 50,000 {D.P. =■ 300) and to have an 
end group content of only 0.32% or one end group to every 300 residues. 
Inasmuch os the molecule eon have only one terminal group according to 
these experiments, ainylusc must consist of a single straight chain of about 
300 glucose units." Hess and Slouer, howem, find that their “amylnse” 
has an appreciably larger molecule {D.P. 050 from osmometric deter- 
minations) and that Ihrer basic chains must be permit.* Although the 
“amylnse” fraction may contain some slightly ramified material it Beems to 
be of much smaller molecular wcighl and to Is* significantly less branched 

41 Bee: K. Myrb&ck, The Svedberg Mm. Vol., 508, (1944); Svenak Km. Tii., 68, 
60 (1944). 

<f K. II. Meyer, M . Wertheiin and P. Benifold, Udv. Chin. Acta, 98, 866 (1B40); 64, 
378 (1941); W. Z. Hassid and R. M MrCrcady, J ,1m Chem fine., 66, 1167 (1948). 

*• K. Hew and E. Stpiirer, Bn., 19, 1070, 1817 (1940). 
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than umy lopcctin. Since then* ib eoiihiderable doubt wliother the notability 
methods used in these investigations are satisfactory for the separation 
of the amylose and amylupecita substances, it would be deBirabk to have 
these results checked by similar work on purer starch fractions. 

6. X-Ray Diffraction StudieB of Starch. 11 It has been shown by P. 
Scheirer and in mom detail by Katz and liis associates* 2 tliat granular 
starches give X-ray dilTracti< n pntterrs which altl ( ugli weak and diffuse 
indicate considerable crystalline nrganmitun. Usually, only powder 
diagrams have been obtained, and attempts at the preparation of oriented 
liber diagrams have only lecently been successful. Impurities have little 
effect on the pntterrs, foi the patterns of crude and if purified starches 
exhibit little diffeienee. The presence of moisture is important, how ever, and 
thoroughly dried starches produce only general scattering of the incident 
X-rays. The diagrams of granular starches usually fall into one of two 
groups and are ehussified as A nr B diagrams. Some starches give patterns 
(C type) intermediate between the A ami B types. As shown by Bear and 
French. ** however, diagrams intermediate between the A and B types 
result from drying starch pastes ut different temperatures; for products 
dried above 50°( t , the diagrams arc mainly of the A type; for products 
dried liclnw 50 c t\, they rapidly approach the B type. From this evidence 
it seems probable that the t' pattern represents states intermediate l jet ween 
those of the A and B modifications. 

The eusc> of the liunsfnrmutiou nl the two types makes it probable that 
the corresponding lattices are not very different. An investigation of the 
powder diagrams ol granular starches has lieen curried out by Bear and 
French who showed that all observed diffraction cun lx' accounted for on 
the basis of the follow ing parameters for the unit cells . 

Volume 

Modification ao bi ci a fi y [A*) 

B 16.1 9.11 ft 34 90.0 90.0 90.0 930 

A 15.4 8 87 ft 18 87.0 80.9 92 8 843 

From the calculated volumes of tlie unit cells, the number of glucose res- 
idues in Ihc uni I cell is calculated as four when the density is taken as 1.50. 
These measurements ucrc eurried out on granular starches saturated with 
water. Under such conditions, the diagrams are much sharper than those' 
obtained on drier products. 

H M Same? and M. Blinc, Kolloid-Beihefte , St, 57 (1940) ; D. French in “Chemistry 
and Industry of Starrh", Editor* B. W. Kerr, p. 115; Academic Press, New York 
(1944). 

“ J. B. Kats and Associates, Z physik. Chcm., 1B4A, 100 (1939), and many earlier 
articles in thiH Journal. 

*■ R. S. Bear and D. Frenrh, J. Am . Chem. Soc., $S, 2298 (1941) 
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Film and filter diffraction patterns of dried crystalline butanol-precipi- 
tated amylosc have been obtained. The unit, cell for the B-modificatinn oh 
calculated front these patterns is somewliat different from that obtained 
from the powder diagrams. It contains eight glucose residues and appears 
to lie orthorhombic with the following dimensions: 

a* — 10.0, bo * 10.0 and c> — 0.2 A. 

Hut B-modilication of amylosc probably consists of extended parallel 
chains of maltose residues. The general arrangement of the chains re- 
sembles that of relink se and ef rhitin.* 4 

Starches exhibit still unother type of diagram culled the V diagram.* 1 - *" 
The V-modifiration is prepared by alcoholic precipitation from freshly 
prepared starch gels. It. appears to have a helical structure; the amylosc 
chains appear to lie wound in u helix rather than to be extended linearly as 
in the B-modifieation. (< Such a structure was originally proposed by 
Hanes*** to explain the action of enzymes on starch and to explain the 
colors produced by iodine on starch products degraded by enzymes. The 
uinylose-iodinr complex appears also to have the helirnl structure with the 
iodine atoms fixed along the axis of the helix and with one iodine atom for 
each turn.** 

Hie complex formed Itetween falty acids and amyli-sc resembles that of 
the amylose-iodine complex, and it appears to lie formed of closely packed 
helieal amylosc spirals with fatty arid? extended lengthwise along the axis 
of the spirals. Dipolar interactions rather than hydrogen (tends Appear 
to lx* responsible for the funding forces.* 7 

Although amylopectin usually exhibits amorphous X-ray diagrams, it 
gixes a crystalline pattern when allowed In ictmgradp under suitable ren- 
ditions. ** Granules of waxy maize starch, almost wholly consisting nl 
amylopectin , yield an A-j-uttcrn . 

3. Starch Esters 

The three hydroxyl groups present in each glucose 1 residue of the starch 
substances may he cstcrifird, hut the reaction proceeds with more difficulty 
than for cellulose, and considerable degradation usually takes place. In- 
tact starch grains react with such difficulty that some of the earlier inves- 
tigators concluded that no unsubstitiiled hydroxyl groups are present. 

M R. E. Bundle, L. Daaecb and D. French, J. Am. Chrm. Roe., 88, 130 (1044). 

** J. R. Katz, Z. phynk. Chtm., 160 A, 37 (1030). 

“• C. 8. Hanes, New Phytologiit. 88, 101, 180 (1937). 

*• R. E. Bundle and D. Frenrh, J. Am. Chem. Soc., 85, 1707 (1943); R. E. Bundle, 
J. F. Foster and R. R. Baldwin, ibid., 88, 2116 (1944). 

iT F. F. Mikue, R. M. Tlixon end R. E. Rundle, J. Am. Chem. Roe., 08, 1116 (1946). 
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Processes depending upon disruption nt the granules at high temperatures 
or the use of acid catalysts lead to extensive degradation. Pyridine solu- 
tions of starch seem particularly valuable for obtaining esters since they 
may be prepared at temperatures of 90 to 100°C. end since the pyridine 
acts as a catalyst in the esterification reaction. 6K 

Starch A cetaies* The various methods useful for acetylating the sugars 
may be applied to starch. As treatment ol‘ the intact granule at lower tem- 
ix»rii tines leads to produrts principally with the composition of a diacetate, 
it has liccn suggested that one of the hydroxyls of each glucose unit is pro- 
tected from acetylation unless it is freed by a preliminary hydrolysis or 
ucetolysis. 60 

because the acetates frequently a re utilized as intermediates in the prep- 
aration of methylated starches for end-group determinations, it is impor- 
tant that the acetylation process should produce no deginclution. From 
the similarity of the reducing power of the original material and of the 
acetylated and doaeetylnted products, it appears that the pyridine method 
produces no molecular degradation. However, the use of ehlorine and sulfur 
dioxide (Harnett cntalvst ) lesulls in extensive degradation. 01 The nioleeulai 
weights of starch acetates prepared by careful acetylation have lieen esti- 
mated by viscosity measurements to lie approximately 100,000 to 550,(XH). M 
Some of the more degraded March acetates, known h\ the Ttnplish trade 
name of • , PV»ctilriHO, # ' are said to l>e used for the imuuitarlure of transparent 
sheets. 

Films prepared lrom acetylated whole starch and amylnpectin an* quite 
brittle whereas those from the acetates of butain 1-preeipitated amyh se 
(44.0 to 44.8% acetyl) me similar to these in in high grade eelluli ace- 
tates. The uinylose acetate films have greater inherent plusticit \ than the 
cellulose acetate films and jequiiv less plasticizer. 6 * 

Miscellammn Organic Katm. u The lienzoyl, t( syl and fatty aeid esters 
of starch an* prepared by the usual acyluting methods (iicvl chloride or the 
acid anhydrides in presence of pyridine or alkali ). A monoformale is fc rmed 

19 M. Bcrgmann and £. Knehe, Ann , 468, 141 (1027) ; 11. Fries? and F. A. Smith, 
Her., 61, 1075 (1028); J. W. Mullen and E. Pacsu, Inti. Eng . Chcm., 34, 1209 (1042); 
I). S. Patent 2,372,337, Marrh 27, 1015; R L. Whistler, Advances in Carbohydrate 
Cketn., 1, 270 (1045). 

19 Bee: M. Bamec, Kolloid-Beiheftc, 51, 359 (1040); L. Hmith and R. H. Tread* av, 
Chcm. Eng. News, 88, 813 (1044). 

99 W. 8. Reich and A. F. Damanaky, Hull. soc. rhim bwl., 19, 158, 257 (1037). 

91 R. fi. Higginbotham and W. A. Richardsou, J. Roc. Chcm. Ind 67, 234 (1038). 

99 J. W. Mullen and E. Pacsu, Ind. Eng . Chcm., 34, 1209 (1042). 

99 R. L. Whistler and G. E. Hilbert, Ind. Eng. Chcm., 86, 796 (1944). 

11 For summary of methods used and esters prepared see J. W. Mullen and E. 
Pacsu, and R. L. Whistler, Ref, 58. For a summary of properties see: J. W. Mullen 
and E. Paacu, Ind. Eng Chcm., 36, 381 (1043). 
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by the action of formic acid; from measurements of the amount 
of periodic add consumed by the ester, the product appears to be sub* 
stituted at the Oppositions. The ester gives a red color nth iodine, but the 
regenerated starch, obtained by saponification of the nufliofoimate, gives 
the original blue color." 

Starch Nitmtn (“Nitrostarchea”). Although starch nitrates have been 
known irince the early part of the nineteenth century and although they arc 
similar to the important cellulose nitrates, they have not achieved com- 
mercial importance. The miration iB carried out by reaction with nitric 
acid, usually in the presence of sulfuric or phosphoric adds, 11 or with N*0». ,T 
By treatment with HNCVHjSO* HjO at 20°C. in tire proportion 41: 
56:3, products containing 11.0 1o 13.3 % nitrogen are obtained. The X-ray 
diffraction pattern of starch nitrate appears in products oi low degree oi 
nitration. 11 The starch nitrates have received considerable attention for 
use as a military explosive and have been recommended" as demolition 
explosives to replace trimtrotolunnr. Its resinous properties may lead to its 
application ns a filler in lacquers." 

4. Ether Derivatives 

Two types of starch ethers have received particular investigation, the 
methyl and liensyl ethers. The methyl ethers haw played an important 
part in structural chemistry and are particularly important in the Haworth 
end group assay method. Their solubility in water and in organir solvents 
makes them off value for molecular weight cMinmtions. The benzyl ethers, 71 
which are made by action of benzyl chloride ond nodium hydroxide, apirear 
to be of some commercial interest as synthetic resins of Ihe type particularly 
valuable for the production and treatment of electrical insulators. 

A single treatment of Rtarrh by the dimethyl sulfate-alkali or methyl 
iodide-silver oxide method (p. 346' gives products with one-third to two- 
thirds of the hydroxyl groups methylated. 77 By repeated treatments, it is 
possible to obtain higher methoxyl contents, but the theoretical content 
(45.6% for C»HtOi(OCHi)») seldom is attained, although frequently twenty 
or more successive metliy Intions are carried out . The number of treatments 

■ D. Gottlieb, C. G. Caldwell and 11 M. Ilixon, J Am. ('hem Sue., 89, 3342(1040), 

N E. Berl and W. G. Kunze, Ann., 680, 270 (1086); J. Hackcl and T. Urbsnski, Z. 
gee. Sehieat. u. Sprengetoffw., 88, 306, 850, 378 (1088); 89, 14, 18 (1034) 

•t Q_ V. Caesar and M. Goldfrank, J. Am. Chen. Soe., 88, 372 (1946). 

11 G. Centola, Gnu. ehim. ital., 88, 8 (1936). 

“ J. M. Young, Military Engr., 81, 11 (1930). 

71 A. Krona, Z. gee. Sehiete. «. Spiengstojfw. NitrocelliUoee, 88, 170 (1948). 

n b. V. Maksorov and K. A. Andrianov, Ret. ght. mat. plaetiq vet, 11, 386, 378 
(1986) ; M. Gomberg and C. C. Bucliler, J. Am. Che m. Soe., 1901 (1921). 

» Bee: M. Samee, KoUoid-Beihcfte, 61. 360 (1940). 
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may be reduced greatly if a soluble Btarch derivative such as (he acetate is 
used or if the reaction is carried out in the presence of chloroform. 1 * Still 
fewer treatments are required if (he uretylated starch in dimethylnmuie 
solution for the partially methylated starch in onisole solution) is treated 
with sodium dissolved in liquid ammonia snd finally with methyl iodide. 71 
Products with a methoxyl content of 45.5% may lie obtained in several 
treatments by (he latter methods. 

The ether derivative of starrh and glycolic acid 71 has potential com- 
mercial in ( civs t because of (he high viscosity and clarity of its aqueous 
solutions. It should resemble poetic acid in many ways liecause of the con- 
tent of carboxyl groups. The enrlioxymetliylsla rch is made by the reaction 
of Rtarrh with chloroacetic acid. 

I1COH + ('ll 'II, —COOIl N «° u ~» HOOCH, -OOOH 


Carboxyethyl esters of starch, soluble in water, 76 can lie mude by treat- 
ment of alkali starch with acrylonitrile. 

Allyl starch 77 is prepared by the action of all.vl bromide or ehloride on 
starch or acctylatcd starch in (he presence of alkali. The product polym- 
eria's in the presence of ail- or peroxides to give a resinous product that 
may have value as a component of lacquers and otln r coat mgs. 

5. Oxidation Products 7 s 

Products obtained by the action of oxidizing agents on raw starches arc of 
considerable industiial importance, particularly as sizing materials. In 
general, the chemistry of the reactions and of the products arc unknown 
since most of the theoretical studies luivc involved much more intensive 
oxidation than takes place in the commercial processes. Hceuusc of the 
increased fluidity of dispersions of oxidized starches as compared with un- 
treuted starches, they arc classified with acid-treated (“acid-modified”) 
starches as “thin-boiling; starches.” In additii n they give elenrcr solutions 

71 W. N. Haworth, E. L. Hint and J. 1 Webb, J. Chrm Sor., 2081 (1028); W. Z. 
Hassid and W. II. Dore, J. Am. Chem. Sor., 69 , 1503 (1037). 

74 K. Freudcnhorg and W. Rapp, Ber., 99 , 2041 (1036), K. IIcss, H. A. Schulze and 
B. Krajnc, ibid., 73 , 1069 (1040;. 

** J. K. Chowdhury, Biochrm. Z., 148, 76 (1024); F. Hoppler, Chum. Ztg., 17, 72 
(1043). 

11 British Patents 546,586 of July 1, 1043 and Apnl 10, 1044; 564,585, Ort. 4, 1944. 

TT C. G. Tumrcko and It. Adams, J. Am Chem. Sor., tfi, 2608 (1923); P. L. Nichols, 
R. M. Hamilton, L. T. Smith and K. Yanovsky, Ind. Bug Chrm , 37 , 201 (1045). 

7 * J, M. Newton and G. T, Prrkhom, Jr., in “Chemistry snd Industry of Starch,” 
R. W. Kerr, Editor, p. 224; Academic Press, New York (1044) 



STARCHES AND STARCH SUBSTANCES 


581 


that have a lower congealing rate und that are more adhesive than those 
of unmodified starches. These commercial products, however, still retain 
granular structures, arc difficultly soluble in cold water, and ghe the usual 
colors in the presence of iodine. 

Two general types of oxidation are used for the commercial processes: 
hypochlorite (and halogen) and peroxide. The first type is canied out l>y 
treating a slightly alknlinr stnrch slurry with sodium or calcium hypo- 
chlorite and allowing the reaction to take place nt 32-52T. When the 
desired degree of oxidation is reached, sodium bisulfite is added to neu- 
tralise the oxidizing agent, and the product is ready for use after the water 
has been removed. Oxidative modification of starch also may be brought 
about by the action of alkaline peroxides, jiermangaiiatcs, persulfates and 
perborates; the reactions mnv take place in the wet or dry Htates, but 
elevated temperatures are necessary. 

Although the course of the oxidizing action of hypochlorites and halo- 
gens in the prepu ration of commercial oxidized starches is largely im known, 
there is no doubt that it is quite romplcx. Alkaline lnpuiodites oxidize 
free aldehyde gn ups to caihoxyl groups. This reagent has liocn used for the 
determination of free aldehyde groups in starches and consequently of chain 
lengths. 79 However, bromine oxidation of starches und starch derivatives 
apparently takes pluee through oxidation of the primury hydroxy] groups 
to carboxyl groups and the fmoatum of glurunuir acid residues.®- w 
Bromine oxidation also may lead to a cleavage of (he earlsm rluiins as is 
evidenced by the separation of ilihasic acids with carbon chains shorter 
than six atoms in length. The bromine-oxidized starch also forms an oxime 
ilerivntive. 81 This miction has Ix-en attributed to the formation of a ketone 
group during llie oxidation process. 

In contrast to the action of halogens, periodic arid is extremely specific 
in its action. As noted in an earlier chapter, periodic acid oxidizes glyeol 
groups to aldehyde groups with simultaneous rlcnuigc of carbon-carbon 
linkages. Starch, treated with periodic arid, retains its granular appearance 
but loses its hirefringent properties. Tin- reaction proceeds tairly rapidly 
until a molecule of the oxidant is utilized per glucose residue, and thereafter 
it progresses quite slowly. The product obtained is soluble in hot water, 
does not give a color with iodine and is not attacked by amylases.® 

The periodate ion is able to penetrate the starch gi unules. and jiou dcred 
whole sturrli and soluble starch read ut aliout the* same rate." Kxrept for 

71 M. Levine, J. F. Foster and It. M Ilixon, J . J*i. Chrm Sue., 64, 2331 (1342). 

19 V. Syniowski, j4twi., 441, 277 (102A) 

*> V. ¥. Farley and It M. Ilixon, Ind Eng. Chrm , 34, 677 (1042). 

B ]S L Jackson and 0 H Hudson, J. ,1m Chttn. Jinc , 60, 2040 (1037); 60, 089 (1038). 

"J). H. lirangaard, E. K. Cladding anil C. B l*urves. Paper Trade J., US, 
No. 7, 41 (1042). 
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the reducing end residues, the glucose units in the starch chains should be 
oxidised to dialdehydes which on hydrolysis should yield glyoxal and 
n-erythrohe. The reducing end residues, however, should each yield three 
molecules of formic acid und one of formaldehyde. Hence, the determina- 
tion of the formaldehyde produced in the reaction provided a means for the 
determination of the end group content." 1 
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As shown above, glyoxal and D-erytlirobe should be the main products in 
the hydrolysates of starches oxidised with periodic acid. 'Hie glyoxal ia 
isolated readily from the hjdrolyzntcs after conversion to the osazone. 8 ‘ 
Comlitu ns have been devised whereby 9h% recovriy of the glyoxal units'* 
is attained. The glyoxal interferes with the identification of (he D-erythrose, 
but after its removal by o\idatinu with bromine to oxalic acid and precipi- 
tation with barium, the n-ery 1 hronic arid may he identified ns its crystalline 
brucine salt and lactone. M The isolation of these products provides evidence 
that the course of the rcaetit n is similar to that for the simpler glycosides 
and that the piinripal feature of the starch structure ib a series of glucose 
residues attached through 1 ,4' ghici sidie bonds. 

6. The Action of Enzymes on Staxch 11 

The degrndution of starch by enz> mes has great industrial und biological 
significance bcrausc it is involved in the preparation of most alcoholic 
cereal beverages (beer and whiskey), in brend making and in the prepara- 
tion of rertain textile Hizes, adhesives, etc. Its hiologiral importance ariseB 

" C. O. Caldwell and R. M. Hixon, J. Biol. Che m., 188 , 505 (1088). 

u C. 8. Hanca, Mew Phylologut, 88, 101 , 180 (1037) ; M. Samee and M. Bline, KoU 
loid-Beihefte, Ifi, 75 (1030); K Myiback, J. prakt. Chen , [2] 188, 20 (1043); J.A. 
tndereon (Editor), ‘'Enzymes and Tlieir Role in Wheat Technology;” Intereeience 
Publishers, New York (1046) 
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from its function in supplying carbohydrate lor the metalxriic need* ol 
animals. In spite of extensive investigations, Ibo Rubjcet is in a state of 
confusion, and many conflicting claims arc to lie found. In the piesent 
diseuBsion it will be possible to disruss only a small fraction of the work 
which has been carried nut. 

One of the most important industrial sources of amylases is barley malt, 
whirh is prepared by allowing bailey to germinate. Bourquelot and 
Mfircker*' postulated the existence of ni lcnsl two different amylases in 
liarley malt. The classical experiments of Wijsmon demonstrate their 
existence particularly well. Following Wijsnvan’H method,* 7 the presence of 
the two amyliises is demonstrated by piaring a drop of malt extract on a 
stnrcb-grlutin plate and allowing the plate to remain in an ice box for 
Heveral days. When the plule is stained with iodine most of the surface im- 
mediately turns blue-black indicating unchanged starch, but where the 
droplet has liecn placed, a colorless disc surrounded by a mauve annular 
ring is formed. Sections of the mauve ring may lie cut out and transplanted 
to fresh starch-gelatin plates, which after several days are stained as 
liefore. In this case only a mauve disc without a colorless center is seen on 
the blue-black background. These results are explained by assuming that 
two enzymes with different rates of diffusion are present in the malt extract. 
The component with the greutest diffusion rate degrades starch to a sub- 
stance giving a mauve color with iodine whereas the more slowly diffusible 
enzyme carries the hydro]} sis to substances giving no color witli iodine. 

Most workers agree that at loust two main tyre* <>J amyliises exist and 
that the two found in mall are fairly typical of tin se from otiier sources. 
The one type produces a rapid decrease in the visei sit v of stareh gels with 
the formation of reducing dextrins and sugars and with the destruction of 
the components giving (idol’s wilh iodine. The second type, however, has 
but little effect on the viscosit} of starch gels, formB much reducing sugar 
(muiniy maltose) and forms other products from whole stm ehes thal are 
colored blue by iodine. Since the action of mcmliers ol the first group is 
characterized bv a rapid decrease in the visrrsity of the solution, they are 
cRllrd liquefying-ninylaHcs (also dextmgcnie or a-amylases); the mendiers 
ol the second group are named saccharifying ( r d-amylases. Iu unalogy to 
the miitHmtatiun of «- and jU-mnltf se, the names alpha and liela originally 
were given to indicate that the me (alpha) gives products mulurotating 
downward and the othei (beta) substances mul mutating upward. »* 

“E. Bourquolot, Compl. rend , 104, 578 (>887), Marckci, Landvt Vm.-Sla., tS. 
00 (1870). 

w H. P. Wijsman, as quoted by C fl Ilaties, loe. ei p 137 

» R. Tfntin | Ann., 443 , 1 (1025); G G Freeman and R. H. Hopkins, Biochtm. J . 
SO, 461 (1036) 
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Amylases attack intact starch granules only until difficulty. Earlier in- 
vestigators have attributed this resistance to hydrolysis as arising from the 
presence of a protective material in the Hiirfarc of the granule. A more 
probublp explanation is that the rate is slow liecause the reaction is hetero- 
geneous in nature and that the granules are not penetrated by the enzyme. 
Fairly high degrees of enzymic hydrolysis of raw starches have been 
observed alien a mixture of pancreatic and fungal amylases an* allowed to 
act on starch granules at temperatures belou the gclntiiiizution p< Jut.*® 

A tentative classification 1 ® of the amylases follows: 


(’lauifwatton of A mylam 


('labs 

Saccharifying amylases 

Liquefying amylases 
(Dcxtrogenie “ ) 

Group 1 

Group 2 

Group 3 

Fhosphoamylasps 

1. PhoRphorylases of llanos anil Cori 

2. Disaggregating amylase of Wald 

schmidt -Leitz and Mayer 


hTomplts 

d- Amylases of wheat, barley, soybeans, 
etc* 


Malt and other cereal amylases; Aspei 
gillun amylases. 

Pancreatic, B mesentericus, salivary 
amylases. 

B. macerans amylase 
(Operating by phosphorylation process.) 
Potato, muscle phosphory loses 
(Existence questionable ) 


Ah in malt, the saccharifying and liquelying amylases often occur to- 
gether. A study of the comparative liquefying and saccharifying poncr of 
numerous seeds and vegetables shows that the liquefying enzymes are very 
common, but the snccharogcnic enzymes were found only in rye, barley, 
wheat, soybeans and potatoes. When barley germinates to form malt, both 
activities increase, but the liquefying ability increases much more than the 
saerharifying ability. 91 Sodium chloride and other salts frequently increase 
the activity of these enzymes, particularly the liquefying amylases. 

As shown in Fig. 3, the malt amylases art' influenced to different degrees 
by changes of acidity. Those from other cereals exhibit similar differences. 
The liquefying amylases of type 1 (see Classification ) an' most active at 
pH 4 to fi; those of class 2 operate most efficiently near the neutral point 
(pH fi to 8). 


19 A. K. Balls and 8. Schwimmor, J. Biul. Chem , 166, 203 (1044). 

90 W. W. Pigman, /. Research Nail. Bur . Standards, OS, 105 (1044). 

11 II. G. Gore and fi. J6zsa, Ind. Eng. Chem , U> 102 (1932); T. fitenslam, G. O. 
BjOrling and E. Ohlsson, Z. physiol. Chem., 626 , 205 (1034) 
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The dormant grains usually are much richer hi /3-amylnsos than a- 
amy loses. The germinated or "limited” grains provide rirher sources of the 
ar-amylases. Barley, \\ heat and rye are representative of this behavior. 
Ungerminated maize, millet, sorghum and rice, however, appear to lie 
practically devoid of a- and /3-amylase activity.'* Mults prepared from 
sorghum, maize and oats are said to contain only a-aniy loses ; soybeans and 
ungerminated barley, wheat, rye mid oats contain only the 0-amylnso 
component. The amylase of the white sweet potato is reported by Rhuklu M 
to lie of the /3-type. Those present in the tuliers of a number oi East Indian 



plants used widely as loods have also lx*on studied. Those of arvi (Coiocasta 
antiquorum) and hiuida (Zuiythn numummar) tubers may be of the a-type 
since their optiinul pll is similar to that of mult o-omylase. 

As the individual amylase's exhibit considerable differences in properties 
such as in the stability to destructive influences, enzyme mixtures like 
nm. lt. may lie separated al lcssl partially. Sclnvorzer (1870) and later 
Kjeldahl and O’Hullivan showed that t mat moot of malt at temperatures 
above 60°C. affects the liquefying (or dextrinizing) artii n c f the malt less 

■ £. Knocn, Cereal Chem., it, 304 (1044). 

» J. P. flhukla , /. Indian Chm. Hoc., Ml, 223 (1044) and earlier articles. 
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tlian the tuiccharifyiiig action. Methods were described later by which 
cither of the two components may be selectively inactivated. 14 

Although malt a-amylnse is resistant to a short heat treatment at 70°C, it 
is rapidly inactivated by acids at room temperature. In contrast, the malt 
0-amylase is resistant to acids and is destroyed rapidly at 70°(\ Malt a- 
and 0-amylascs, made by preferential inactivation of the other component, 
have been used extensively but are of questionable freedom from the Becund 
component . A I tetter separation of the tw'O enzymes results from the utiliza- 
tion of the stability of malt and wheat a-amylases and the instability of the 
corresponding 0-nmylases to calcium ions. At a pH of G.0 to 7.0, at a 
temperature of 70 °C. and in the presence of ralcium ions, the 0-amylases 
are completely inactivated whereas the a-amylases are scarcely affected. 
Conversely, at a pH of 3.0, at a temperature of 30 °C. and in the absence of 
calcium ions, the ft-amylates of wheat and barley are destroyed nlthough 
flic 0-amylase activity is only partially impaired. 1 * 

The study ot the action of amylases on starcheH has been beset w ith many 
difficulties in addition to those common to most investigations in the 
stareli field. In general, degrees of hydrolysis haw been determined b> 
reducing sugar measurements and calculated as maltose. However, reducing 
values may lie meaningless as a quantitative measure since the products id 
hydrolysis include dextrose nnd reducing dextrins (oligosaccharides') in 
addition to maltose. Tn some instances, degrees of hydrolysis greater than 
100 have lx‘cn observed because of the presence of dextrose in the hydrolysis 
products.’* Honi'c, Hie measurement of fermentable sugars present in the 
products otten provides a more significant quantitative measure of hydroly- 
sis than reduring sugar determinations. 110 Selective determination of 
glucose, maltose and dextrins provides a still more significant but more 
tedious procedure 00 

The questionable purity of the amylase preparations in use also makes 
it difficult to ascrilie definite actions to individual enzyme components 
ThuH, trait and most cereal cmulsins contain Hip n- nnd 0-amyIuscB, Manx 
fungal, pnncreutic uiul bacterial emulsins have highly active liquefying 
enzymes; they also contain enzymes which synthesize oligosaccharides from 
maltose ." The synthesizing action of mi st amylase preparations usually 
haR not been contridered and may Ire the explanation for many discrepancies. 

A. Saccharogenic or 0- Amylase b. The 0-omyiases, which are found in 
many dormant plant seeds, have been obtained in a highly active condition 

m E. Ohlwon, 7j physiol. Chem., 189 , 17 (1030) ; J. Blom, A. Bak and B. Braae, ibid., 
m, 104 (1037). 

11 E. Kneen, R M. Sandstedt and C. M. Hollenbeck, Cereal Chem., SO, -899 (1043); 
W. J. Olson, B. A. Burkhart and A D. Dickson, ibid., 00, 120 (1043) 

N Bee- 1 E. Stark, J Biol. Chem., Ip, SOD (1042). 
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from malt and soybeans.* 7 Wheat, soybeans aud sweet potatoes supply 
fairly pure sources of 0-amylnses,* 8 and from sweet potatoes a crystalline 
enzyme of this type has been obtained. 1 * 

The freedom of 0-amylase preparations from liquefying amylases may be 
tested by studying their action on the limit dextrin (nee below). *** 

A method of evaluating the activity of 0-amylnses, which may be used 
in the presence of a-amylases, is described by Kneen und Sandstedt. 110, 1M 

When the enzymes act on solutions of whole starches, the hydrolysis 
proceeds rapidly until about 50 to 55% of the theor e ti c al quantity of 
maltose is produced and then very slowly until a limit of alsiut (JO to 57% k 
reached.**' Ul With 0-amykscR, the sole hydrolysis products usually are 
maltose and a non-reducing dextrin. The molecular weight of the dextrin 
(determined osinnmetricuily) is aljout 79,00(1 (D.P. about 400). Methyk- 
tion data show that tlieiv is one eml group for rach 11 to 12 glucose 
residues. Hence, the number of repeating units in the dextrin is alxiut 36. 
Many names for this dextrin an* found in the literature; some names arc: 
prythrograniilose, a-nmylodextrin, dextrin-A, grenzdextrin and residual 
dextrin. The dextrin is colon'll blue by iodine, it resists further attack by 
(8-amylases unless treated by other enzymes or by autoclaving."* Earlier 
reports of the slow hvdrolysis of the residual dextrin by ftaimylase prep- 
arations probably an* to lie nsrrihcd to the pivsenee of liquefying amylnnes 
in the 0-amylasc preparation. 

The amylose fraction of starch is hydrolyzed to maltose praetically 
quantitatively by (9-amylfises. 1M Reports of incomplete hydrolysis prob- 
ably are due to the presence of amylnpertin or of insoluble material in tlie 
amylose. 

The high yields of maltose obtained by the action of iS-amylases on 
amylose, which has u straight-chain structure, suggest that these enzymes 
act by a continuous process of cleavage of the maltose groups from the 
ends of the chains. 

> T H. C. Sherman, M. L. Cut it well and S. E. Docbboliug, J . Biol. Chen., 104, 601 
(1934); O. Holrabergh, Srentb Ken. Tid , SO, 25S (1933). 

" J. M. Newton, K. M. Hixon and N. M. Naylur, Cereal Chum,, 90 , 23 (1943); K. V . 
Girl, J . Indian Chem. Soe., IS. 219 (1038) 

” A. K. Balls, It. A. Thompson and M. K. Walden, J. Biol. Chen., 19 5, 571 (1916) 
110 W. J. Olson, It Evans and A. D Dickson, Cereal Chen., 91, 533 (1944). 

111 E. Kneen and A. M. Sandstedt, Cereal Chem., 19, 237 (1941). 
is For example soc* J. Blom, A. Bak and B. Brow, 2. phytiol. Chen., 9 41, 273 
(1936). 

>m W. N. Haworth, H. Kitchen and S Peat, J. Chem. Soc., 619 (1943). 
iMA. It. Ling and D. A. Nanji, J. Chem. Soe., 197, 629 (1925) ; M. Romec, Z. phyriol. 
Chen., 989, 103 (1935); K. H Meyer, W. Brentano and P. Bemfeld, Heir. Chin. Acta, 
98,845 (1940). 



CHEMISTRY 07 THE CARBOHYDRATES 


The amykipcctin fraction of starch is hydrolyzed only to the extent of 
64 to 60% (calculated as maltose) and with the production of the non- 
reducing residual dextrin. 10 ' The re lilts with the two starch fractions are in 
disagreement with the curly concept that whole starch consists of two sub- 
stances, one (a-atarch) hydrolyzed by a-amylases and one O-starch) 
acted on by ^-amylases. 

In the case of omylopcctin, it is believed that the hydrolytic action of the 
enzyme also proceeds from the ends of the chains until a point of branching 
occurs or until some unusual type of linkage is reached. Hence, the residual 
dextrin should exhibit on unusually high proportion of end groups. In 
agreement with such a mechanism, it is reported that, the residual dextrin 
contains one end group for every 10 to 12 glucose residues 100 as compared 
with one for every 25 to 30 residues for the original starch. 

Straight chain fragments from starch with the free aldehyde groups 
oxidized to carljoxyl grouj s are also hydrolyzed by 0-nmylascs. Hence, it 
appears that the enzyme attacks the nonreducing end of the molecule and 
proceeds along the chain. Multohcxonic acid fun oxidized hexasucchuride) 
yields as a result of enzymic hydrolysis two molecules of maltose and one 
of maltobionic acid. The miuimal chain lcnglh necessary' for 0-amylase 
action appears to lx* four (two maltose units) since mnltotrinse (a tri- 
saccliaride) is not hydrolyzed. 107 

After long action of 0-umylases on residual dpxtrins (whirh action may he 
due to the presence of other amykises in the enzyme preparation) a disac- 
rhnride is obtnined which appears to lie mainly isomalti so, 6-ghm se a- 
ghieoside. The isomaltnsc type of linkage is hydrolyzed by acids at a much 
Blower rate than the maltose type. 108 It iH also claimed that products con- 
taining alpha 1,3' linkages are obtained. 100 

Highly purified 0-amvlasc preparations from lmrley and barley malt 
have bet'll studied 110 from the viewpoint of their elicmical composition. 
The materials are protein in character. The activity of a manlier of prep- 
arations was found to be approximately proportional to the number of 
sulfhydryl groups as determined by the nitroprussidr reaction. Iodine 
inurtivates the 0-amylase, but about 10 to 15% of the activity is rerovered 
after treatment with hydrogen sulfide or rystriuc. It iR probable that the 
irreversible loss of activity is a result oi the it dination of tyrosine to form 

1H G. Freeman anil R. IT. Hopkins, Bwchem. J 30, 44G (1936); K. H. Meyer and 
P. Bernfeld, Helv. Chin. Aria, 73, 875 (1940). 

110 K. II. Meyer, M. Wertheim and P. Bernfeld, Hch. Chin. Acta, H, 212 (1941). 

1,7 K. Myrh&ck and G. Nyrander, Biochrm. Z., 811, 234 (1942). 

K. Ahllierg and K. Myrb&rk, Biochrm. Z., 308 , 187 (1941). 

100 Y. Nakamura, Bull. Agr. Chem. Sor., Japan, 17, 77, 603 (1941). 

1,0 G. E. Weill and M. L. Caldwell, J. An. Chen. Soc., 87, 212, 214 (1B45). 
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diodo tyrosine. Tlie rcvereible loss of activity presumably arises from oxida- 
tion of sulfbydryl groups to disulfide linkages; confirmation for this con- 
clusion is obtained by the inactivation resulting from the action of reagents 
specific for R1I groups: aryl-mercuric compounds, nitroprusside reagent 
and iodoacotamidr. ()n the other hand, free amino groups apparently are 
not essential for the action of the barley 0-umylaso. 

B. liquefying Amylases. Enzyme preparations (emulsins) made from 
bacteria, fungi, pancreases, saliva and cereals contain amylases which 
rapidly liquefy starch gels. Because there is u rapid production of low 
molecular weight dextrius, liicse enzymes are known as dextrinogenie 
amylases os well as liquefying amylases. As will Ik* shown Liter, both aetiv- 
ites appear to be due to the same enzymes. 

Many workers use the term a-auiylnsc synnnnmously with liquefying 
amylases. However, sis there is some evidence that the cereal a-amylases 
may act differently fn m the bacterial, pancreatic and salivary enzymes, 
the term a-umyluscs will Ik- limited to the liquefying cereal amylases in 
the present discussun. Since many of the enzyme preparations are able to 
synthesize oligosaccharides from nmltt se, w it is difficult to compare the 
actions of these enzymes. 

The liquefying amylases are of first importance in must 1 1 the industrial 
processes employing amylases. Unfortunately, this fact has not been 
realized generally, ami the rustomury method of measuring amylase activ- 
ity evaluates mainly the p-amylasc activity. Thus, the Lintner method in 
general use depends upon measuring the reducing sugar formed during 
a brief art ion of the enzymes on a soluble starch solution. 

Although the cereal a-amylases and Aspergillus amylases may bring 
about high degrees ol saccharification, sugar fonnation takes place mainly 
in the latter stages of the reaction. Malt a-amylase hydrolyzes starches to 
fermentable reducing sugars in about 90% of tlie theoretical yield."* 111 In 
the presence of yeasts, the cereal a-amylases and the Aspergillus enzymes 
break down starches completely to fermentable sugars. The other liquefying 
amylascH and the /tt-nmyluses can bring alwut only partial hydrolysis of 
starches to fermentable sugars in the presence of yeasts." 

Either the liquefying power or the dextrinogenie action may lx* used as a 
measure of the action of these enzymes, but it is not well to compare cn- 
zymes from different sources. The liquefying power iH determined 111 by vis- 
cometrir measurements on a stnrdard potato starch gel during the period of 
hydrolysis. During the liquefaction period, the products of hydrolysis 
rapidly lose their power to give eolrred products with iodine. Tlie time 

111 R. H. Hopkins and D. Kulka, Waller ate in Conun., 5, 115 (1042). 

oj s, JcSzss and W. R. Joluuton, Ini. Eng. Chem., Anal. Ed., 7, lt3 (1035); J. IMom 
snrl A. Hak, Z. physiol. Chem., M, 107 (1038). 
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required for the starch to be degraded to products which produce no color 
with iodine may be used for the measurement of the enzyme activity."* 
Since 0-amylases may exert a slight influence rn the rate of dextrinizatu n, 
it is suggested that the determinatic n be carried out in the preaenre of nil 
added excess of /Jsunylase. 

Hollenbeck and Blish" 4 compared the liquefying power and the dex- 
trinizing power of malt, A. orysac (Takadiastase) and bacterial amylaHOs 
and showed that the two actions are probably produced by the same en- 
zymes. Both typesof activity an* affected in like degree by heat inactivation, 
and the optimal pH for lsilh aetionR is the same although it varies with the 
enzyme source. However, the ratio of dextrin izing to liquefying, power varies 
for enzymes from different sources. 11 * 

The changes in the eolor of the starch-iodine complex have been meas- 
ured, with the aid of a sDeclrupholnmeter, at various stages of the hydroly- 
sis of starch by lii|iiefying amylases. 11 * As the hydrolysis progresses, the 
color changes rapidly from blue through violet to red-hrnwn, and finally 
there is a slow transformation through orange to deep yellow . The nl>sorp- 
tion maximum, initially around 5700 A, shifts to the ultraviolet as the 
reaction proceeds. This behavior is in ronlrost to the action of d-a myiases in 
which case there is no shift in the absorption maximum. 

'Dae stage ol degradation at which the hydrolysis products do not change 
the color of iodine solutions is designated as the “aehroic point” and Ihc 
reducing \a\ue (calculated as matte sc ) at this point has been termed the 
achrn'r ff rtt/nt. For malt a-amylasc, the aehroic point is reached at 28 to 
31% conversion to maltm>. Other liquefying amylases produce mi ic 
reducing sugar ltelore the aehroic point is reached. For .1 xp< rgilhis a myiases 
the It valw is 41%; fnrsulivarv amylase, 46%; and for pancreatic univlusc, 
55%. 

The nature of thi* products obtained by the action of liquefying amylases 
on starch bus lieen investigated, 111 but. the problem is complicated by the 
questionable freedom of the enzyme preparations from d-amvlase, maltase 
(a-gliiop.sidn.se) and other enzymes. Various methods such as alcoholic 
precipitation and the sek'etive fermentation of maltisp and dcxtrise luivc 

111 J. Wohlgemuth, Btochem. Z., 9, 1 (1908); R, M. Sandatcdt, E. Knoen and M J 
Blish, Cereal Ohm., 10, 712 (1930); W. J. Olson, R. Evans and A. D. Dickson, ibid., 
91, 533 (1944). 

111 C. M. Hollenbeck and M. J. Blish, Cereal Chetn., It, 754 (1941); J. Blom, A. Bak 
and B Braoc, Z. physiol. Ohm., M0, 104 (1937). 

111 8. Redfern and Q. Landis, Cereal ('hem., 13 , 1 (1946). 

,lk C 8. Hanes aud M. Cattle, Proe. Roy. Roc. (London), BUS, ‘MSI (1938). 

IIT Bee reviews by M Bamoe and M. Blinc, Kolloid-Beihejle, 49 , 117 (1939), by K 
Myrbaok, J. prokt ('hem.. [2] 163, 29 (1913) aud by C. B. Hanes, A’eir Phylolnyiet, 30, 
101, 189 (19371. 



OTANCHKB AMO 8TABCH SUBSTANCES 


501 


been used to determine the nature of the proilurta. At tlie ochroic poinl 
(28-31 % hydrolysis to inulk se for mult a-amylase), the hydrolytir product 
consists rf dextrine According to Hanes these dextrin* are composed of 6 to 
7 glucose units each. In the litter stages of hydrolysis, considerable maltose 
is formed. 

The dextrins produced by the action of saliviviy amylase, malt a-amylase 
and Aapergillim >,rytac amylase (Tnkudiastase) have lieen studied by K. 
Myrlt&ck and associates. 11 h From the produets of action of salivary amylase, 
about 25% of non-fermentable dextrins arc obtained. Of these about one- 
quarter consists of dextrine with lietween 6 and 8 glucose residues, about 
one-half of dextrins with 6 residues und one -quarter of dextrins with be- 
tween 4 und 6 residues. Long action ol malt a-umyluse on rice starch 
yields some hcxusuccliaridrs but mostly tetra- and trisaecha rides as the 
components of the unfermentable fractiin. A. oryznr emulsin produces 
more hcxosaccharidcs (ubtut two-thirds of tlie uoniermen table material) 
and si me tri- und tetrusaccharides. Wheat, barley and potato sturches 
appear to give residual dextrins whicli are much mure heterogeneous than 
those from corn, arrow -root and rice starches. Rarely, however, an* 
residual dextrins with more than 12ghieose units found when hydrolysis 
is allowed to reach completion. 

If hydrolysis by a-amylnses proceeds frt m the ords of chains, ji \u uJil bo 
expected that an interruption of the hyiln lysis n oulil leave a jxrliou of the 
original starch molecule which should lie rf high molecular weight lion 
ever, when malt a-amylusc is allowed fu act i n/y ioiy hiirlty i it starch 
so that only 10% hydrolysis is attained (frt m reducing willies), the largest 
i lest tills an 1 composed of about 23 glucose i endues and at IK. 1% hydrolysis 
the largest dextnns have a degree of polymcrizntu n r 1 1 illy 13. Since them 
an* no high molecular weight dextrins us is the case for d-ainyluse uclion, 
the hydrolysis probably dees not proceed front the end of the chains. At a 
hydrolvsis degree 1 1 21%), the non-fermentable dcxtiin f radii n rt nsids ol 
iwo-thirds ol hexu- and heptasaerlinrides and one-third ol tel in- and 
pentasaccharides. 

The dexlrins produced at the loner degrees of hydrolysis (10 to 20%) 
differ in their Iteliavior to p-untylusc. Although thi se ci mpesed t'f less than 
ulxiut seven glucose residues tire n mplctoly broken down by this second 
treatment to fermentable sugars (malti se and mnltntrii se , these with 
longer chains are only partially hydn lyzetl by 3-amvlase to fermentable 
sugars. According to Myrl tick, this resistance of the Icnger-chnin ilextrins 
to hydrolysis is due to the presence of ismwiltose (l, GO linkages wliieh 
block the aeticn < t jS-ainvlasc. The existence of ahm mini linkages is also 

"• K. Myrbfcck, J. prakl. Chm., [2\ 188, 29 (1943). 
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indicated by tlic resistance of these seme dextrins to acid hydrolysis. Since 
the dextrins obtained by the action of nialt a-umylase on potato starch 
exhibit a correlation tetwocn the molecular weight and the phr sphnruH 
ecu tent, it is possible that csterified phosphate groups may play the same 
rr le as 1,6' linkages in stopping the action of 0-amylasc. 

In aecordsmce with the suggestion of llanes, the action of liquetying 
amylase's is Ix'licved to consist of a hydrolysis of starch chains into frag- 
ments mainly comprised of hexasaccharides. This mechanism receives 
s’ipp i t by the preparation of dextrins from straight ehain “nmyloseH” by 
the adieu c f liquefying amylases. 11 K * 11B The un ferment able dextrins present 
when the hydrolysis has proceeded to on extent of 21% (calculated os 
maltose) consist mainly of hexa- and heptasaccharides (65%) and tetra- 
and pentasaccharides (32%). 

The dcxlrinizution by nialt a-amylusc docs not upj)cur to lake place by 
the action of the enzyme on the end of chains, but as mentioned ubove, the 
absenee el unhydrolvzed fragments of high molecular weights after short 
periods of hydrolysis indicates that the enzyme art ion may take place in 
central portions of the molecule. The presence of 1 ,G' (isomaltose or, Ixdter, 
isogentiobi( se) linkages in the dextrins shows that the enzyme action may 
take place over these linkages which are able, however, to block the artion 
of 0-amylase. Hydrolysis of normal hexasaccharides to maltose is brought 
abcut by both a- and 0-umylnse preparations, but the reaction may be 
caused by the piesence of dextrin uses or a-glurosidases (maltases). 

Kffoils to separate malt a-amylase from a dexirinase by adsorption 
methods have not succeeded, and at present there is no evidence for such 
an enzyme, 1 * 0 

The presence oi dextrins of about 24 unit* in length among the products 
of a brief actii n of liquefying amylases on starch as noted by Myrbiick (sec 1 
above) suggests that the primary action of these enzymes involves the 
disruptirn of the branched chain component into its basic short chains of 
24 to 30 gluci se units in length. 

Studies 121 of the inactivation of purified pancreatic amylase by reagents 
specific for certain free groups show a marked difference in the nature of 
active gri ups as compared with barley 0-amylase (see above). Thr amino 
groups of the pancreatic enzyme are essential to its activity whereas the 
sulfhydryl groups are not. 

C. Schardinger Dextrins . 122 The cultivation of Acrobacillus macerans 
{Barilhtn mnet runs) upon starch solutions leads to the production of watcr- 

111 K. II Mo\rr and P. Brrafehl, Heir. Chim. Acta, 2 4, 350E (1941). 

U# K. Myrlmrk and Per J. Palmrranlz, Arkiv Kerni Mineral . Geol., 18 A, Nn. 6 
(1944); Chcm Abut., 39, 3709 (1045). 

111 M L Caldwell, C. E Weill and H. 8 . Woill, J. Am . Chcm . Sor 37, 1070 (1945). 

m M Bam pi- and M. Blinr, Kolloid-Beihefte, 49, 211 (1030). 
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soluble dextrine (railed Schardinger dextrine) of which two have been 
obtained in crystalline form. 128 Bacteria-froc filtrates of cultures of Aero - 
bacillus macerans contain the enzyme responsible for the formation of the 
Bchardinger dextrins and produce from starch 60% yields of the dextr is. 1 * 4 
In the initial stages ( f the reaction, the more soluble a-dextrin is formed in 
maximum yields of 20%, but after many days the yield tf the ^-dextrin 
reaches 22%, and the a-dextrin practically disappears. During the initial 
stages, a rapid decrease in the viscosity of the solution takes place. Almost 
no reducing sugars arc formed in the reaction. The dextrin* are char- 
acterized by their behaviur in the presence of iodine; under the micro- 
scope, the a-de\trin if dine cnmpiund upicur* as green needle* or blue 
hexagons whereas the 0-dextrin iodine compound show* up os brown prisms. 

Acids and >1. oryzae emulsin (Tukndiu'dasc) hydrolyze the dextrins 
completely to D-glucosc. l2S Molenilar weight determinatiors indicate that 
the 0-dextrin is (CYHiqOb)b and the a-dextrin is (C^HioOb)#. Hydrolysis of 
the fully methylated dextrins yields 95% of 2,3 ,6-trimetliylghicose and no 
traces of tctrninethj Iglun *e. The hydiolytir products contain no 2,3,4- 
trimethylghm *e, u* may lie shown by tosylutinn of the glucosides formed 
from the hydrolysis piuducts. Since none of the tosyl groups introduced are 
replaced by iodine on reaction with sodium iodide, there can be no free 
primary hydroxyl* group* in the substances produced from the methylated 
dextrins 116 (see p 171). The small numlior of glucose units in the molecule 
i* difficult to harmonize with an absence of end groups unless cyclic struc- 
tures are present. Hence, it appears that these sulwtances consist of cyclic 
rings of five glueose residue's (a-dextrin) nr six residues (0-dextrin) con- 
nected by maltose-type (l,l ; ) linkages. Such structures agree with the 
evidence given, with the lack of reducing power and with X-ray diffraction 
studies, It should lie noted, however, that according to French and Bundle 
these products contain six anrl *c\en glucose residues, respect ivelj T , rather 
than five and six. If so, they might l>e named as cycloliexaumylose and 
rycloheptaamvliise. 127 IIowe\er, such structures rlo not explain llio large 
amount of iodine which is taken up in alkaline solution. 

The cleavage < f the ring* by acids proceeds more rapidly thtin the sub- 
sequent hydrolysis of the linear chains. The linear chains formed in this 
manner are hydrolyzed by 0-amvlase. l2R 

If the Schanlinger dextrins exist preformed in the starch molecule, they 

1,1 F. Srhardingcr, Zentr. Balt. Paraeitenk Infckt [2] 30, 98 (1908), 10, 188 (1911) 
114 W. S MrCleiiahan, K B. Tilrten and C H. Hudson, / . Am. Chem Roc , Of* 2139 
(1942). For additional details of llie prepaiation of the enzyme, see M Blinr, Kolloid- 
Z., 101 , 126 (1942); TArwi Abet , 30, 4642 (1044) 

111 K Freudenheig and li Jacobi Iww 5/0,102 (1935; 

,w K Freudonberg and M. Mover Delius, Her ,7/, 1596 (1938) 

117 D. French and R. E. Bundle, J Am Chtm Rue , 34, 1651 (1942) 

Ul G. T Cori, M A Swanson and C. F Cori, Federation Proe , 4, 234 (1045). 
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probably play on important part in the structure. As a result of this assump- 
tion it has been suggested that starch (amylopectin) may consist of five or 
six-inembered closed rings w ith 24 to SO-memljered side chains attached to 
each glucose residue of the rings. 119 However, the high yields of the dextrin* 
makes it probable that they are products synthesized as a result of enzymic 
action and are not preformed in the starch molecules. Proof for this ex- 
planation is supplied by the formation of the dextrins in 70 percent yield 
from the straight -chain amylrscs. 110 

1 ‘Synthetic” Starches and Phosphoatrylases. A* t-ht wn by Cori and 
CAui, animal tissues contain an enzyme which, through a mechanism in- 
volving pin sphnrylatiun, breaks down glycogen to glucose 1 1 -phospliato 
(Cori ester') 1 * 1 The reaction is reversible, and tlie enzyme and similar 
enzymes from potatoes, peas and other sources act on the Cori ester to 
synthesize 1 amylcse- or glycogen-like polysaccharides. 112 One of these 
enzymes litis toon obtained in crystalline condition from rabbit skeletal 
muscle. 119 It crystallizes as a complex with adenylic ucid. Although generally 
known as phosphorylases, u mom descriptive name for the enzyme^ 
might In 1 pliosphoamylases. 

The polysaccharide synthesized by Hanes using potato phosphorvlase is 
remarkably similar to the amyli sc portii n of the starrh granule. The iodine 
color is more intense than thut from ordinary starch, and solutions of the 
polysaccharide rapidly retrograde. The synthetic starch and amyloRe am 
reported to Ik 1 quantitatively hydrolyzed by 0-amylase to maltose, Similar 
X-ray diagrams arc given by natural and synthetic fttarch. UJ The polysac- 
charide synthesized by muscle pin sphorylase up|ears 195 to l>e closely 
related in structum and properties to that r f Hanes. However, that ob- 
tained from glurnsc 1-phi sphate by the action cf liver, potato and yeast 
phosphnrylases resembles glycogen or amylo] ectin in many of its prop- 
erties. 196 According to Meyer and Bemfeld, 197 potato phnsphorylase can 
hydrolyze 1 only 1 ,4' linkages (maltrae type), but yeast phosphoryluse is 
nble to cleave both 1 ,4' and 1,6' (isomaltose) bonds. 

111 K. Freudcnbcrg, Ann. Rev. Biochem 8, B1 (1930). 
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(1940). 
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Ad interesting catalytic effect of added starch substances luw been 
observed for the reaction. When the enzyme and glucose 1 -phosphate are 
mixed, a long induction period is observed unless small amounts of starch, 
glycogen or dextrin r re ndded. 1 * Adenylic acid is not required in the re- 
action. 

A plausible explanation of the activating effect of polysaccharides on the 
enzymic synthesis of starch substances is that the activutors serve as 
nurleii from which the starch chainB arc synthesized. 188 Crystalline muscle 
pliosphorylase seems to art by the addition of glucose units (from glucose 
l -phosphate) to the terminal groups present in the activators. This mocha 
niam would explain the much greater activating effect of amylopectin and 
glycogen on the rate of synthesis as compared with amylose, for the former 
sidjstttTicvs have a much greater numtier of terminal groups (per griun) than 
umylose. Although the original nucleus (activating sulislniire) has a 
branched structure, the chains synl hr sized by the muscle phosphoTylasc 
pmbubly are linear from the point of origin. It appeal's that the synthesis uj 
linear chains does not continue indetinitely but stops when the chain reuehes 
u length i<f almut 200 glucose residues. Since h my loses alieiuly have a eliain 
lrnglh of this degree ni magnitude, they would lx* expected not to add 
many more glucose residues alien subjected to Ihc action ol muscle phos- 
phorylnsc in the presence of glucose 1-phi S])hnte. Aelually it was found that 
about 20 glucose units will add to an nmyli se chain originally 200 units in 
length. 

TTie nuinlxT ot terminal groups in a unit weight of imlysucchuride mater- 
ial incivast's as the material is In dmlyzed. lienee, it would lie expected that 
the activation effect on the synthesis ol starch substanres by phosplioryluses 
would increase with increasing degree of hydrolysis of the aetivutnr. This 
effect has lieen demonstruted for whole starch, umylose und amylopeetui 
hydrolyzc'd by acids and by enzymes. 1 * 1 14D The n aximum activating effect 
is observed for materials having a chain length of about 5 glucose residues; 
shorter and If nger chains are less effective. 

Heart and liver tissue slid potatoes contain a protein material, pre- 
sumably an enzyme, which in rofnjuurtif n with the crystalline muscle 
phosphorylase produces branched chains. 1 * 1 141 This protein material ap- 
parently produces points of bnuirhing by the ndditim rf glucose units to 
the C-poRitions of existent straight chains. Thereafter, the muscle phub- 
phoryluses build up straight ehainR from the new hranrhing points. This 

*** D. E. Green and P. K. Stumpf , J • Biol. Chem . , 1 g , 366 (1942). 

w G. T. Cori, M. A. Swanson and C. F. Cori, Ftdtralion Fro e., 4 , 234 (1946). 

o' P. H. Hidy and II. G. Day, J. Biol. Chem., 118 , 477 (1944); 180 , 273 (1946); J. B. 
Sumner, G. F. Somers and E. Staler, ibid., 1S8, 479 (1944); A. M. Kuzin and V, I 
Ivanov, Biokkimiya, 10 , 37 (1946); Chem. Abet., SO, 3669 (1946). 

1,1 E. J. Bourne and B. Peat, J. Chem. See., 877 (1946). 
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observation is of fundamental significance for it provides an explanation of 
Ihe formation of the different types of polysaccharides (straight and 
branched chains) and also provides the opportunity of synthesizing mate- 
rials of different degrees of branching. 

No tetramethylglucosc could be obtained from methylated synthetic 
nmylose by Hassid and Mc( 'ready, but Ilaworth, Heath and Peat have 
found an amount of tctriimcthylglucose (1-5%) corresponding to a chain 
length if 80 I o 90 glucose memliers. As the viscosity of solutions of the 
methylated starch corresponds to the molecular weight of 80 to 160 glucose 
units, the sj uthetic starnh seems to lie a linear unbranchcd polymer of the 
nmy lose type." 5 

It is very striking that in living plants when starch is hydrolyzed it is 
sucrose, glucose and fructose which accumulate and maltose and dextrins 
are rarely found. Since it seems probable that the phosphorylnsrs play the 
main role in this process, the relation of the phosphorylases to the well 
known amylases remains an important unsolved problem. 

Certain writers have placed considerable stress i n the presence of bound 
plusphorus in Ihe starch components. It is of considerable interest, then, 
that Waldsehn idt-Lritz anil Mayer 1 ® find that a liquefying enzyme, free 
tn m a- and 0-nmylase and called amylophosphutuse, may lie obtained from 
barley by preferential adsorptii n on activated alumina and kaolin. The 
enzyme is said to lilieralc phosphate groups from com starch at a rate 
proportional to the decrease or \iscosity; however, there is very little 
inalti se fc rmation. The reducing power of the products of hydrolysis cor- 
responds to a clrnin length of atxmt 36 glucose units. This value is close to 
Ihe average chain length oi about 30 glucose units. It might seem from this 
evidence that the basic chains are connected by phosphoric ester linkages 
and that the amylopoctins might lx* considered as consisting of basic 
straight chains of 24 to 30 glucose units connected by rn ss linkages formed 
0 
II 

by — O — O- P -O — T — linkages. Bueh linkages are not in direct contra- 
OJI 

diction to the glucosidic tyjx* of linkage usually postulated since the results 
of met hylation studies might he similar for the two typeH of si nietures. The 
disaggregation caused by alkali might also lie explained by Rueh ester 
linkages, but the influence of oxygen on the process would not lie clear. Also, 
the amount of phosphorus is too small to acrount for many such linkages. 

“* W. Z. Hassid and R. M McCready, J. Am. Chem. Hoc., 63, 2171 (1941); W. N. 
Haworth, U L Heath and 8 Peat, J. Chcm. Soc., 55 (1942). 

141 E. Waldsrhinidt-Lpitz and K Mayer, Z. physiol. Chrm , 336, 168 (1935). 
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It should be Doled that Friedmann 144 was not able to find any phosphate 
liberated as the result of enzymic action. The existence of the amylophce- 
phatase must he considered questionable until further evidence is obtained. 

7. Industrial Preparation and Utilization of 
Starch and Starch Products. 141 ' 1 

Although the physical properties of sturchcs prepared from different 
sources vary e< usidcrnhly, for most industrial purposes it is pi ssihle to 
obtain suitable products from starch of any origin. An exception is the 
tapiura starch used for postage adhesives. In America most commercial 
starches are derived from com, but in Europe the maiu source is potatoes. 
Haw sturchcs are sold directly for household and industrial n nsumption or 
arc converted to pustes, dextrins, simps and dextrose. Ester and etlier 
derivatives have not lmd much ceimnerrial application. ’Hie principal uses 
of starches and derived products arc for textile ami puper sizes, adhesives, 
food pmduets, dusting powders, and the preparation of dextrose (n-glucosc) 
anil sirups. 

Preparation of Potato March . AH hough in the early days i f the industry h 
yield of lti to 22% ( f starch wasec usiilcird satisfactory, it haslieen possible 
by the development of special varieties ut potatoes and of better gnnvtli 
conditions to obtain yields of 25 to 4 (/%. After harvesting, tlie potatoes are 
washed and passed through a machine (consisting of a toothed eylinder 
revolving in n stationiu-v cylinder) in i rder to rupture tlie rolls containing 
the starch. To minimize enzymic action during the process, particularly the 
action i f lyre einaec which forms dark hluish-hlaek conns uuils, the pulped 
mass is rivaled with sulfur dioxide. For removing the stareh, the pulp 
is passed over screens while water is sprinkled into the mass. 'Hie starch is 
washed tlm ugh, and much of the filler is retained on the screen. The stareh 
Huspensii n (containing stareh, soluble matter, filter and nitrogenous sub- 
shinecs) is passed over inclined tables some 40 to W) feet long, anil the 
stareh settles out during the transit of the suspension over the table. 
Purification is accomplished by stirring the deposited starch with water, 
filtering through silk cloth and repeating the tabling npcrutiim. This opera- 
tion may lie repeated several times or lie replaced partially or entirely by 
rentrif ugation of the suspension. Tlie final product on the refining tables is 
covered with a thin layer of colored impurities which is scraped off und 

1,4 S. Friedmann, Emymologia, 0, 307 11030). 

i« J. A. IlaiUry, "Starch and Jta Derivatives;” Chapman & Hall, Limdun (1943); 
W. B. Newkirk. Ind. Eng, Chem.. St, 163 (1030); J. P. Casey, Tech. Axioe. Paptrt 
( TAPPI ), SB, 130 (1942); H. W. Kerr, "(Tieraistry and Industry of Starch;” 
Arademie Press, New York (1944). 
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returned to one of (tie earlier hi ages of tlic process. Since the product con- 
tains from 35 (o 10% water, it in dried using, temperature* from 30 to 45 S C. 
before tlie final bolting and bogging. 

Preparation of Corn Storrh . Cleon shelled com in soaked in water con- 
taining SO* in large cylindrical tanka for 30 to 40 hours. The steeping not 
only washes the grains but softens Lhe kernels so that they are more easily 
ruptured in the subsequent processes. In order to break up the kernels 
without injuring the germ, the corn is passed between tw o plates which have 
projecting teeth and whieh are rotating in opposite directions. The particles 
are washed through troughs with water; the lighter genu floats to the 
surface while the remainder oi Hie grain settles out at the liotlom. The 
germ is isolated and pressed free of oil, which after refining is sold as corn 
oil lor cooking purposes. The heaviei 1 rad ion is ground as finely us possible 
without rupturing the starch granules and is separated from the fibers by 
screening 'Hu- starch is separated and refined by tabling us deserilieil utxn c 
for potato stauii. In uddition to the oil, a second important by-product is 
the gluten (protein) whieh is reeo\ered from steep waters and from the 
effluent of the settling tables. The gluten may lx< sold as cattle feed in used 
in the preparation of plasties mid other products. Commercial com starch 
usual 1) bus a moisture coni nil of 0 to 14%; in socially dried products, the 
amount of moistuie may lie us low us 5%. 

Dextnm anil British (rums. By enzyme, arid, heat and oxidation treat- 
ments, starches are partially hydrolyzed oi oxidized 1«i mixtures railed 
(lextrins, the composition of whieh depend on the extent of the degradation. 
Considerable skill is involved in the preparation oi products having the 
desired properties. When dissolved in water, some yield thick pastes whereas 
others give thin, free-flowing liquids. The rate ol drying of the pastes varies 
a great deal. Home solutions retain their viscosity and consistency over 
long periods of time while others retrograde rapidly. Hems', it is possible to 
prepare products of tv wide range or properties, and for most purposes, 
speeiiil products lire prepared. 

Two general preparatory methods ait* often described us the wet and the 
dir processes. It is reported that the dry process was discovered as a result 
of u fire in a Dublin textile mill in which starch was stoned. After the fire, it 
was found that the starch had been converted to a brown powder which 
dissolved in water to give a sticky solution. Products of this type, prepared 
by the high temperature treatment of starch with or without the addition of 
small quantities of acids or alkalies, are called "British gums" or "Torrefac- 
tion doxtrins. ” To obtain practically colorless products (white dextrin* and 
canary dextrins), the wet process is employed. The wet process rousists of 
heating starch solutions with acids or with dinstatic enzymes such as 
bacterial or malt extracts. These products as well as the oxidized starches 



STARCHES AMD STARCH BUB8TAMCHB 


500 


find widespread application as sizes for textiles and papers, as adhesives 
(pastes), os components of textile printing inks, etc. 

The strurtuie of dextrine prepared by the heat treatment of com starch 
(British gums) lias been investigated by Brimhall. 11 ' This light-brown 
material is water soluble and retains its granular structure. Hmver* r, in 
contrast to the original starch, its X-ray pattern is of the amorphous type. 
Although com starch contains 21% of umylcse (determined by the iodine 
poten tii, metric method), the dextrine apparently contain none of the linear 
starch oumpi nent . A possible explanation for the disappearance oi the 
linear frartinn in that the precess of dexlrinization involves the formation ol 
miss links between starch chains. Much an explanation receives support 
from the increased resistance of the dextrins to hydrolysis by d-amylasc. 
Thus, soybean jS-amylase converts the dextrin to maltose in mnximum 
yields of 22% although com starch Rives about a 55% yield of multi se. lire 
end group content of the dextrins is considerably higher than that of coni 
starch. 


8. Glycogen 141 

Hu? important role played by glycogen us the reserve carlmhydratc of 
animals makes it of Rrcut interest. It is found particularly in the muscle and 
liver cells of uninuils. It aim* occurs in insects and lower plants including 
fungi and ycastH. In contrast to starch, which occurs as discrete granules 
in plants, the glycogen is distributed throughout the protoplasm and is nol 
morpholi gieally differentiated. A portion of the glycogen contained in the 
cell is water soluble, but the remainder is said to l>c in combination with 
insoluble proteins. The separation from other <*o!l constituents is facilitated 
by tile stability of glycogen (in the absence of oxygen) to tint alkali which 
hydrolyzes mi st of the accompanying substances. Old water dissolves the 
polysncchuridc with the formation of opalescent si lutions. With iodine, 
violet to brown colors urc produced. The available evidence indicates that 
the term glycogen embraces a group of structurally related sulwtanees 
which are soluble in water and give a violet to brown color with iodine. 
As shown below, glycogen (or better glycogens) resembles amyiopvi'tin and, 
even more closely, the limit dextrin obtained from nmybpertin by the 
action of /3-amylase. Certain starches, e.g., sweet com (Zra mays) and 
gluten rice ( Oryta glvtinota) are known to contain glycogen-like fractions. 141 

Chemical Evidence for Structure. The evidence fur the structure of 

B. Brimhall, Ind. Eng. Chm., 98, 72 (1044). 

141 K. H. Meyer, Advances in Enzymology, 8, 109 (1043). 

141 W. Z. Hassid and R. M. McCready, J. Am. Chm. Soc., 68, 1032 (1041); J. B. 
S umne r and G. F. Somers, Arch. Bioehm., 4, 7 (1044); D L. Morris and C. T. Morris, 
J. Biol. Chm., 190, 888 (198 0). 
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glycogen is very similar to that for starch. Total hydrolysis with acids 
Rives practically quantitative yields of D-glucose and proceeds through the 
intermediate formation of dextrin s. Acetyl bromide produces hepta- 
Hcctylnuilti syl bn mide in yields comparable to that obtained from maltose 
and starrh. Tiiethers and triesters are formed. 

lind Rmup ileterminations reveal two types of glycogens; those with one 
terminal group for euch 12 and those with one for each 18 glucose units. 149 
These results indicate a more highly ramified stmeture for glycogen than 
h i slairh which has i nc terminal group for each 24 to 30 glucose residues. 
The fields of dimethylglucose, as would lie expected, are equal to those 
of tetnimetliylglucose. 



l'V. 4 Formula i»T gl>roKtMi (after llawuith). 

Moltcular Weight, Osmometric measurements on methylated and aret- 
ylated demati\es 150 discing that gheogers prepared frem a numlier of 
-ourees have molecular weights in the range 2.7 X 10 5 to 3.5 X 10 B . By 
ref rated centrifugation of purified glycogen, a traction is obtained with a 
molecular weight of 1,500,000 (osmometric method! ami a degree of poly- 
merization of 9,000. Photographs of this fraction made with the electron 
miscroscope show 151 that the particles have a diameter of 5 to 15 mg. These 
\ alues agree well with a pin tide size of ubout 10 mg calculated fmm the 
c bserved molecular weight on the assumption of a cubic structure. 
Bridgman 152 finds that glycogen preparations are \ery polydisperse und 

,4, W N. Haworth, E L Hirst and F. A. Isherwuod, / Chew Soc , 577 (1937); 
W N Haworth, PI L Hirst and V Smith, ibid , 1014 (1039); W Z Hassid and I. L. 
ChnikolT, J Biol Chem , 12 S, 755 (1038) 

150 S K Carter and B. R Record, J Chrm Soc , 664 (1930) 

111 E. Ilusemann and II lliiska, J. prakt Chem [2] 166, 1 (1940) 

111 W B Bridgman, J.Am. Chem. Soc., 64, 2319 (1942); K II Meyer and R Jean- 
loz, Heir. Chim Aria., 26, 1784 (1943) 
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that the molecular weights of different fractions vary from four to fourteen 
million. Hie molecules appear to be elongated and to have an axial ratio ot 
at least 18 to 1. 

Action of Enzymes. Malt /3-amylase hydrolyses glycogen much more 
slowly than soluble starch, and the hydrolysis stops after Rome 30% m the 
theoretical quantily of maltose has been formed. 1 “ Other investigators 
report that the hydrolysis is very incomplete but give different values for 
the resting stage- Glycogen from mussels, which has on end group ratio of 
1 to 1 1 , is reported to lie hydrolyzed to the extent of almost 50% by purified 
0-amylase. Inasmuch ns half of the total glucose residues are removed in 
the hydrolysis, tlie residual dextrin should have one end group for each 
5.5 units. In confirmation of this deduction, the end group ratio is found to 
be 1:5.5 (18%). JM 

Stiucturc. The evidence described above pictures the glycogen molecule 
sis similar in its general outline to that for the amylopeclin constituent of 
starches. From the end gioup determinations and the study of the 0-amylnse 
hydrolysis, it seems that glycogen is highly branched with the branches 
having fivr to seven glucose units earh and with about three glurose units 
in the main chains between the branching points. Multiple branching is 
possible. 'Hie larger glycogen molecules may consist of many thousands ol 
glucfse units. 

,M G (J Freeman mid R H Hopkins, Bio them J., SO, 4W (l!M6) 

,M K H Meyer anil M YM.Hrlv ('him Acta, U, 375 (1941) 
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POLYURONIDES, HEMICELLULOSES, PLANT GUMS, MICRO- 
BIAL POLYSACCHARIDES AND RELATED SUBSTANCES 1 

In tlu 1 present chapter, the polysaccharide other than cellulose, Htareh 
mid glycogen are considered. The latter have been discussed in previous 
chapters Immune of their importance and because of the amount of material 
available Those considered in the 1 present chapter are not as well known, 
as a ell defined or as well studied us those in the previous rhapters. Many 
of Ihe materials discussed lielow have considerable present or potential 
importance. The immunological polysaccharides, in particular, are of great 
biological and medical interest. For the classification used, see Chapter XTI. 

1. Homopolysaccharides 

A. Glucose Polymers. Ltrhcmn. Lirhenin occurs as ail important 
cell-wall const it uen I ol lichens, uulahly Iceland moss (Crlraria i shunt ini ' 
and apparently has a structure similar to that of cellulose. Us solubility in 
water is probably explained by its low molecular weight which is recorded 
an 10,000 to 37.000.- Acetolysis 1 leads to cellobiose oct annotate; complete 
hydrolysis produces glucose. In addition to trirnetliylglucose, about 0.9% 
of 2,3,4,(i-tctnimcthy]glucosc is produced* by the acid hydrolysis of 
methylated lichcnin; the yield of tctramethylglucose anil the molcciilui 
weight determination agree with the assignment ol u straight -chain struc- 
ture to lichcnin As the X-ray diagrum differs 1 from tlial ol cellulose and 
as the derivatives are more le\oiotatory tlian the corresponding cellulose 
derivatives, it is possible that linkages other than the 1 , 1' type may lie 
invoked. Since a su list mice present in outs has the same action on the cu- 
pric chloride crystallisation patterns as lichcnin, the polysaccharide may lie 
picscnl in some higher plants.* Some evidence exists for ascribing the enzy- 
mic hvdroksis ot lichcnin to lirliciiiiscs, different from rclhilases (see under 

( Vllulascs ) 

Bttdt nal Citlulmti When grown on sugar solutions, . t re lolmticr xi/linum 
produces membranes ol cellulose. Fructose, glycerol and mannitol provide 

1 General references K. 11. Meyer, “High Polymers," Vol 4, 317 ; InleruciencePub 
lishen, Now' York (1942) A. G. Norman, "The Biochemistry of Cellulose, the Poly- 
uronides. Lignin, etc.”; Oxford (1037); .Inn. Wen. Biochm., 10 , 05 (1941). K Anderson 
and L. Hands, Arfrnnee* in CarMydrnti Cham., 1 , 329 (1945). 

1 S. R Carter and I). R. Record, J ('hem. Hot., 804 (1939) 

1 P. Karrer and H. Joos, Biochm X., 198, 537 (1923). 

1 K. Hess anil L. W Luuridsen, Btr,, 73 , 116 (1940). 

1 R. O. Horsog, X. physiol. Chem., IBS, 119 (1920). 

• D. L. Morris, J. Biol. Chem., US, 881 (1942). 
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excellent substrates; many other carbohydrates, except pentoses, also may 
be employed. The viscosities of solutions of the bacterial cellulose, as well 
ns the X-ray patterns and the properties of the a relates anil methylated 
derivatives, indicate that the substance is closely similar to cotton cellu- 
lose. 7 

Examination" of the cellulose niemlmuies by use of the electron micro- 
scope shows lhat they are composed of discrete, iiitcrnioshed fibers aland 
200 A in width and UN) A in thickness. 

Yeant Dcxtran* A yeast polysaccharide, unaffected by the action of hot 
dilute acids and alkalies and originally called “yeast cellulose" by Snlkow- 
ski, appears to have an unusual 1 ,3' polymeric linkage'. 'Hie methylated 
dextran yields 2 l 4,ti-trimelhylgliirnsc and enough 2,3 a 4 l ff-tctvnmrthyl- 
glucose to account for one end group for eueli 28 glucose' residues. Inasmuch 
as the products of hydrolysis exhibit an upward mutamt ation.it is believed 
that the glucosidic linkages have the beta configuration. Oligosiiceluirides 
obtained by purlin! acirl hydrolysis are hydrolyzed by ahnond einulsin. 
The viscosity of solutions of the methylated polysaccharide indicates a 
molecular weight of about (ifNN). Although the structure api>cars closely 
similar to that of cellulose except for the predion of the glucosidic linkages, 
the properties of (he two substances an* significantly different. Yeast dc\ 
tran does not dissolve in ammoniucal cupper oxide solutions and does not 
produce cellobinse oetaacetate by acetolysis. 

fJIyeogen and veast manna n, dismissed elsewhere, accompany the dex- 
trail as constituents of yeast but are more soluble anil may Ik* preferentially 
extracted. 

Bacterial Dextran*, Dextrans an* synthesized from sucrose, bill not front 
glucose, by certain bacteria (genus, fauranofilnc; family, ( 'ocean at ). Thm* 
species of LeumnoHtoc air distinguished according to their ubility lo ler- 
ment xylose and L-arabinose os well as sucrose ( L mvwnU wide*), or suarost* 
but not the pentoses (/*. ilextranicu*), or neither pentoses nor sucrose (L. 
citrovontH). The dextrans an* obtained by growing the bacteria on solutions 
containing sucroHe and nutrients. 11 Afterwards, the culture medium is evap- 
orated, and the doxtrun is precipitated by the* addition of alcohol. The 
synthesis of the polysaccharide from sucrose through the agency of enzymes 
preHciit in bacteria -free filtrates of Ijeuconoxtw cult mis has been reported. 11 

1 J. Bamha and II. IJibbert, Van. J. Hrneareh, JO, 170 (1034). 

1 E. Frans and E. Schirbold, J. vuicrutnol Chem., J , 4 (1043). 

■W. Z. Hassid, M. A. Joalyn and R. M. McCrcady, Am, Chem. Hoc,, 03, 205 
(1041); L. Zechmeister and G. T6th, Bioehem. Z. f m, 133 11036); V. C\ Barry ami T. 
Dillun, Proe. Hoy . Irish Acad., J&B, 177 (1013) 

io II. L. A. Tarr and H. Hibbert, Can J . Hi march, 5 , 414 (1031 ) ; W. Z. Jlamml and 
II. A. Barker, J. Biol Chem ., /«, 163 (1WU);M. Starcy, Nature, 149 , 030 (1042); W \. 
Owen, Jr., and W. L. Owen, IT. S. Patent 2,392,258, Jan. 1, 1046. 

» E. J. Hehre and J. Y. Sugg, J. Exptl. Med., 73, 330 (1942); M. Btacov, toe . cif. 
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Three dratrans, obtained in this manner, are distinguished by Hibbert 
and associates by the suffixes I, II and III. Two (I, II) are produced by 
strains of L. mesenteroidea and one (III) by L. drxtranicna. 

Methylated dextron-I is hydrolyzed 1u tetramethylglucose, 2,3,4-tri- 
methylglueose and 2,3-dimethylglucose in the relative proportions of 
1:3:1. Hie experimental details and probable structure are discussed in an 
earlier section (p. 51B). 

Hydrolysis of methylated de\tran-lll gives 90% yields of 2,3,4-tri- 
methylglurose and 10% of dimelhylglucose. Although Fairhead, Hunter 
and llibliert could find no tetramethylglucose, a small amount (0.23%) 
later was obtained. 1 ' 2 The liasic structure of the dexlrun-lll molecule is u 
chain of 1 ,f/ linked n-glucopyranose residues. The formation of dimethyl- 
glucoses indicates branching to be present providing the inethylation is 
complete, but since the position ol the methyl groups has not boon deter- 
mined, the locution of the brunches is not known. Osmotic pressure measure- 
ments show that the molecule must contain at least 200 glucose units. 

A dextian synthesized by a strain of L. mint ntcroidtx hus lieen studied by 
llnssid and Murker. It seems to be similar to the de\trun-Il of Hibbert and 
associates and to lie composed oi a-gluropyrannse residues with 1 ,(i ; poly- 
meric linkages. Viscosity measurements indicate a molecular weight of 
11,700 while the ultrareutrilugc (sedimentation equilibrium method) gives 
a \ olue of 2000 ± ISO. 

'Hie dextrous form precipitates not only with L. antisera bul also with 
types 2, 12 and 20 pneumococcal antisera. 11 

A very similar dextrun is synthesized by Hrtabartcrium nmiformt from 
sucrose, but it has a much smaller repeating unit since 1 to 5% of tetra- 
methylglucuse is produced along with 90% ot 2,3,4-trimetliylghieose. 14 As 
the drgrec of polymerization is about 500 (osmotic pressure method), the 
molecule must contain 20 refloating units oarh of which consists of 25 a- 
glucupyrnnose residues 

Photographs of one of t lie L. mcsenlt roidet> dextrons by use of the electron 
mirrosrope show a branched, thread-like structure. 14 'Hie chains have a 
thickness of uhout 50 A. Since the length of a glucose chain is about 5 A, the 
threads could lie composed of central linear chains with side chuinH of about 
5 glucose residues. 

B. Fructose Polymers . 14 Fiurtosuns or levans are found widely dis- 

" ft. C. Fair he ad, M. J. Hunter and II. Hibbert, Can J Research, RIO, 151 (1038); 
8. Peat, E. Schlurhterer and M. Stacey, J. Chun. Sue., 581 (1030). 

u W. I) I laker and M. Stacey, J Chem. Sue., 585 f!93D). 

14 B. lugelnmn and K. Siegbaha, Nature, 154, 237 (1044). 

14 II. K. Arehbnld, AVtr Phy lulu gist, 30, 185 (1040) ; E J MrDunald, Advances tn 
Carbohydrate Chem., i, 253 (1046) 
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tributed throughout the plant kingdom, particularly iu the Compositor 
and related families, and generally serve a * reserve polysaccharides in place 
of, or in addition to, starch. Their distribution in the monocotyledons has 
been investigated." Grasses contain considerable quantities at the time of 
heading, but thereafter the frurtusan content decreases during maturation. 
Smaller quantities arc found in cereals. The most important and most in- 
vestigated nf the fruetosons is inulin discovered in 1804 by Rose. This 
polysaccharide occurs in Jerusalem artichokes, chicory, burdock, golden- 
rod, dandelion, and dahlia plants. It is liest prepared from dahlia tuliers or 
chickory roots. 17 The heated and neutralized juices are filtered and allowed 
to ciyHtallize in the cold. Although inulin may lie prepared from the other 
plants listed, the yields are low because of the presence of many similarly 
constituted polysaccharides which are more soluble and probably of smaller 
particle size. The high fruetosan content of many easily grown but other- 
wise practically useless plants lias stimulated much work on the prepa- 
ration of crystalline levulose or lcvulosc simps from these sources (see d- 
Fructose). 

Hydrolysis of inulin by enzymes leads 1o a practically quantitative yield 
of levulose (n-fmetose) although a small quantity of glucose also may lie 
produred. , "* ,, ’ The iiiulascs (which may lx* identical with invert uses (are found 
in fungal enzyme preparations and particularly in Aspergillus nig<r cmul- 
R j ns iH>.i> Yeast invertase preparations idso hydrolyze inulin. 1,11 • J “ Acid 
hydrolysis takes place with about the same ease as that of sucrose but wit h 
the production of about (12% fructose, !i% glucose and 5% of a group of 
three nonreducing difnictose anhydrides. The latter substances, ns showrn 
by the careful investigations ot Jackson, McDonald and (loergen, are ap- 
parently reversion products, the structures of which have lx*en previously 
considered (see p. 210). 

Melhylated inulin givi*s on hydrolysis principally !),4,fi-triiiiethylfruc- 
tose. With the assumption oi furanose rings, which assumption seems cor- 
rect Ixrause of the ease of hydrolysis, the polymeric linkages must exist 
between carbons 1 and 2' of adjacent residues. Accompanying the tri- 

11 A. G. Norman, J. Am. Hoc. Ayron., SI, 731 (1939) , A. H. Morosov, Compt. rend, 
oead. sci. V.S.S R., 24, 407 (1939). 

17 See. F. J. Bates anti Associates, “Polanmclry, iSarrhariuictry and the Sugars”; 
Circular 440 nf the National Bureau of Stand arils; j> 398 (1942); J J Willaman, J. 
Biol. Chm., SI, 275 (1022;. The latter reference gives much historical material con- 
cerning the polysaecharirle. 

1,1 if. Pringsheim and P. Ohlme.ver, Her., 66 , 1242 (1932). 

»«■ M. Adams, N. 1C. Richlmyer and O S. Hudson, J. Am. Che m See., 85, 1369 
(1943). 

»• W. W. Pigman, J. Research A all. Bur Standards, 80, 150 (1M3). 

11 R. Weidenhagen, Z. Ver. dt ut Zuekor Inti., 82, 316, 012 (1932). 
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methyUructcwe is about 3.7% of 1 ,3 ,4 ,0-tetramethylfruotose. This quan- 
tity corresponds to one end group for 27 to 30 fruotofuranose residues. 11 


OH H 



Inilliii 


Smaller yields nt the l et rame t by If ruct ose are report oil by Inineand Mont- 
gomery whereas Schlubnrh and Sinh 22 were unable to find any truer of this 
produet. The absence of any tetnunethy II metope in products oJ hydrolysis 
of metliylaled iiiulin was taken us evidence tor a closed eliain structure. 

Other fruetnsans of plant and baeterisd origin hate Ihtii investigated. 
Sehlulmeli 24 and associate's, who lune made s|ieeial eontri but ions to the 
chemistry ol these polysaccharides, eliissily them inlo two general types: 
(1) those with 1 ,2' linkages (inulin group 1 and (2) those with 2, ft' link- 
ages (phlein group). Hilein is the Iructosnn obtained from the tuUi’s of the 
grass Phlnm pratpnmc. Asparagosin. sinistrin and gniminin yield, after 
inethylatioii and hydrolysis, 3, *4 ,G-trimelhylf ruct ose and belong to the 
inulin group. They give greater amounts of t et mmethylfruct ose than 
inulin and also considerable quantities of dimelhylf ruct ose. Hence, they 
are considerably more branched than inulin. The 1 .3,4-isoincr is the only 
trimethylfruclnse obtained from seralin, poain, and phlein (Irom plants) 
and from buetcrial levan. The latter is produced from sucrose 1 and rafiinose 
by B. Hubltltx, B. nusrntnicun and other bacteria, as well ashy the cell-free 
enzyme preparations. 2 * 34 The prineipal j>olymerie linkage of this group 

11 W. N. Hflworth, K. L. Hint and K. G. V. Percival, J. Chem. Koc., 2384 (1932); 
J C. Irvine and T. N. Montgomery, J. Am. Che m. Sac., 55, 1988 (1933) 

” II. 11. Srhlubach and 0. K. Sinh, Ann., 5-W, 105 (1940). 

» H. H. Srhlubach and 0. K. Sinh, Ann., 544 , 101, 111 (1040). 

11 H. Hibbert, U. S. Tips on and F. E. Brauns, Can . /, Research, 4, 221 (1931); R. 11. 
Lyne, S. Peat and M. Stacey, J Chem . Soc., 237 (1940) ; S. Hostrin, S. Avineri-Shapiro 
and M. Aschner, Rioehem. J., 97, 450 (1943) ; S. Hestrin and R. Avineri-Shapiro, ibid., 
88, 2 (1944). 
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must be of the 2 ,0' type, if the probable assumption is again made that the 
rings ore of the furanoee type. Phlein probably consists of a dosed loop d 
fructofuranose residues since the sole product of methylatiou and hyrlraly* 
sis is the 1 ,3,4-trimethylfructosc 

'file position of iririn (obtained lrom the rhizomes ol Jrus pwudoutorua) 
in the alx>vc classification is questionable since the hydrolysis products of 
the methylated irwin consist of equimolecular quantities of 1 ,3,4,0-tetra- 
methylfructose and 3 , G(?)-dimethylfractose. a If the identification of the 
dimethylfnictose is correct, a new type of connection (2,4') between re- 
sidues is present. The absence of any trimethylfructosc and the equality in 
the amounts of the tetramethyl and dimethylfructoses can mean only that 
the irisin is completely branched since every fructose unit is either an end 
group or attached to nil pud group. A possible structure is illustrated. 

I-? l'-2 

fructwfurMMKn— trucUifuranuii e — fructofurauoee 


4(?) 


4(?) 


2 


fruetnfuranoB<* 

fruetofuianone 

fructofuraiumi 1 


(PiNwiblc alrurturc of irisin) 


C. Galacturonic Acid Polymers (Pectins).* Fruits, berries and tubers 
contain a group of polysaccharides called the poetic substances. Although 
initially present in the plant in an insoluble state probably in combination 
with unknown constituents of the cell wall, they are solubilized by treat- 
ment with dilute acids for enzymes), and iiectins arc obtained from the 
solution by precipitation with alrohol or 60% acetone. Such a treatment is 
likely to yield products contaminated with other plant constituents. This 
contamination probably provides the explanation for the reports of early 
workers in the field that the pectins yipld not only D-galacturonic acid on 
hydrolysis Imt also n-galaetose and L-arabinose. In addition to these hydrol- 
ysis products, Ehrlich also reports the presence of acetic acid and methyl 
alcohol.* 

lsiter nark has demonstrated that the pectins are composed ol D-gala- 
turonic add or n-galacturonir add methyl ester residues. Kduiddcr and 
Hock 11 found that associated galactose- and arabinoae-containinR materials 
could be separated from the pectins by careful fractional prcdpitation with 
alcohd. Also, no evidence could be found for the presence of acetyl groups. 

11 H. H. Behlubaeh, H. Knoop and M. Liu, Ann., 804 , 90 (1033). 

*• C. L. Hinton, "Fruit Pectins,” Chemical Publishing Co., New York (IMG); E. 
L. Hint and J. K. N. Jones, Advance i in Carbohydrate Chm., 9 , 236 (1040). 

n F. Ehrlich and F. Schubert, Ber., 88, 1074 (1020). 

" O. O. Schneider and H. Book, Ber., 70 , 1017 (1037). 
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Speiser, Eddy and Hills *• have studied the ratp of removal liy acids of 
nonuronide material associated with pectins. The activation energy for the 
process (18,500 cal.) is that to be expected for the rupture of primary co- 
valent bonds. It is possible, then, that the natural pectic substances may 
have polygalarturonide chains esteriiied with arabuns or golactans but that 
the latter can be removed to a considerable degree and leave intuct chains 
of gid act u runic acid residues. Similar types of linkages have been suggested 
for the eell-wall components of woody tissue (see under Hemicelluloses). 

The nomenclature of the pertir substances and the related enzymes used 
in the present discussion follows that suggested by the Committee on No- 
menclature of Pectin of the Division of Agricultural and Food Chemistry 
of the Vmericnn Chemical Society.* 0 The definitions for pectic substances 
are quoted below. 

"Pectic Kulxdnnecs. ‘Pectic substances’ is a group designation for (hose 
complex colloidal carbohydrate derivatives which occur in or are prepared 
from plants and contain a large proportion of anhydrognlaeturonic acid 
unils which are thought to exist in a chainlike combination. 'Che carboxyl 
groups of pnl.vgnlaeturanir acids may be partly esteriiied by methyl groups 
and pnrtly or completely neutralized by one or more bases. 

‘Trotopectin. The term ‘protopectin’ is applied to Ihr water-insoluble 
parent pectic substance which occurs in plants and which upon restricted 
hydrolysis yields pectin or pectinir acids. 

"Pectinic Acids. The term ‘peetinic acids’ is used for colloidal poly- 
galncturonir acids containing more than a negligible proportion of methyl 
ester groups. Pectinic acids, under suitable conditions, arc capable of form- 
ing gels with sugar and arid or, il suitably low' in methoxyl central, with 
certain metallic ions. Tlie salts i,f pectinic ucids are either normal or acid 
peetinatcH. 

"Pectin. The general term ‘pectin’ (or pectins) designates those wat re- 
soluble pectinic acids of varying methyl ester content and degree' of neu- 
tralization which are capable of forming gels with sugar and acid under 
suitable conditions. 

"Pectic Acids. The term ‘pectic acids’ is applied to pectic substances 
mostly composed of rolloidal polygalacturonic arids and essentially free 
from methyl CHter groups. The salts of pertir acids are either normal or arid 
perlates.’’ 

Pectins from different sources exhibit marked differences in jellying 
power, ash, methoxyl content and other properties, as shown in Table 1, 
and henre probably represent a group of substances rather thnn a single 

11 R. Hppurr, C. It Eddy and II. Ilills, J. Phy*. Chem ., 4B, 563 (1046) . 

* J. Am. Chem. Hoc., 49, No. 6, 37 (Proceedings) (1927), Chem. Eng. Newt, it, 
106 (1944). 
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substnnre. Schneider and Bock 1 * ascribe these variations in the properties 
of pectins from various sources to differences in molecular size, in the degree 
of esterification of the carboxyl groups and in the amounts and types of 
accompanying polysaccharide impurities. 

Hinton 11 has studied the properties of a numlwr of fruit pertins, and the 
accompanying table gives the maximum variations noted. 

Because of the presence of non-golacturonidc materials in many pertin 
preparations, the percentage of pnlygalarturonide material and thp degree 
of esterification (as per cent) an* more significant properties than percentage 
of methoxyl groups." 

The enzymic hydrolysis" of pectins gives crystalline n-galncturonir acid 
in yields of as much os 85% although acid hydrolysis gives lower yields 


Table I 


Pro]»erl) 


Properties of Fruit Pectins 
(after Hinton) 


Rstnqc 


Jellying power 
Free acidity 
pH of 1% solutionb 
Mpthox\l content 
Saponification value 
Total acidic groups 
Iodine reduction power 
Aflh 


| 0-29 5 

| 1.3 10.3 g Nn OH/100 g pectin 

2 6-4.4 

1 9-12% ni,on 

i 7.6-15 1 g. NaOIJ/lOO g. pectin 

16 7 lo 19 fi g. NttOII/lOO g. pectin 
2.7-23.3% reduring sugar (ns glucose) 
I 0 59-8.90% 


presumably as a result of decarboxylation of the uronic acid (p. 308). The 
production of such largo quantities of galactuvonic acid, in conjunction 
with the analyses given above, is evidence that the pectins are polygulac- 
turonic acids. The linkages do not involve the carboxyl groups as the total 
amount found for such groups (after removal of metallic ions and methyl 
groups) is in agreement with that calculated on the assumption of a free 
carboxyl for ouch uronic acid residue. Tlie east 1 of removal of the methyl 
groups by dilute alkalies shows that they arc estcrified with the carlwxyl 
groups in the original pectins. As shm\n by the above analyses, however, 
the numl>er of estcrificd carboxyl groups is extremely variable. 

al ('. H Hills and R. 8peiscr, Sc fence, 103 , 166 (1946). 

a F. lOhrlich, “Abderhaldcn’s Handbui'h der luologischen Arbcitsmethodcn,” 
Aid. 1 , Teil 11, 1617 (1036); H. TI. Mottprn and 11. L. Cole, J . Am. Chem. Soc., 
01, 2701 (1039); W. W. Figman, J. Research Natl. Bur . Standards , OB, 301 (1040); 
11. S. Isbell and H. L. Frusb, ibid., 32, 77 (1941) ; S3, 380 (10U); C. S. Hollander, U. 8. 
Patent 2,370,001, March 6, 1045. 
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The demethylated pectins are known as pectic acids and their salts as 
the pectates. Some of the peetates, e.g., the calcium peel ales, are m in- 
soluble that they are used for the quantitative estimation of pectins. Pec- 
tinir acid has a single buffer range. It does not lieliave as a monobasic acid, 
for at a given pH, the degree of dissociation increases with increasing con- 
centration and with increasing degree of esterification by methyl groups.** 

Pect'ns are extremely difficult to methylate but by repeated treatments 
using first the thallium hydroxide-methyl i (slide and then the silver oxide- 
methyl iislide method, fully methylated methyl esters of strawberry and 
citrus pectins have lieen obtained. 14 Methanolysis at elevated temperature 
and pressure* yields as the main product methyl 2,3-dimethylgalaetofur- 
uronide. 

Mild acylation ol commercial pectin with pyndinc and acid anhydrides 
gives disubstituted osiers. Pectin dibutyrate and dipropionate films are oi 
moderate strength and flexibility whereas that from the diacetate is very 
weak." 

The presence ot the furan ring in the product of methanolysis cannot be 
taken as evidence tor such a ring in the original pectin an the conditions ol 
methanolysis are such that ring shifts cun take place. Since 2.3-dimethyl- 
galacturonic acid forms furanosideh under the conditions used in the 
methanolysis of Ihe methylated pectin, cither type of ring may lm\e lieen 
present in the original material. However, the high dcxtroiolutions of jiec- 
tins and their resistance to acid hydrolysis is such that pyranoside ring" 
probably are present According to this evidence, the pectins ore composed 
of chains of galacturonic acids connerted through 1 ,4' linkages proliably 
having the alpha configuration. 


coos coos COOH 



Pectic arid 


Morcll, Haul anil Link" treated citrus polygalacturonide with methyl 
alcoholic hydrogen chloride (glycoside-forming conditions) and obtained a 
series of degraded polygulueturonie acid methyl esters. In this process, free 
reducing groups of the polygalacturonidcs are converted to methyl glyco- 
side groupings and carlmyl groups are esterified. The esterified methyl 

*I{ Hpemer, 0. H. Hills and C. R Eddy, J. Phyt. Chem., 48, 328 (1045). 

“0 II BeavenandJ.K N Jones, Chemiitry & Industry, 88, 303 (1939) ; 8. Luckatt 
and P. Smith, /. Chem. Soc., 1100, 1114, 1506 (1940). 

■ J. F Canon, Ji ., and W. D. Maclay, J. Am. Chem. Sue., 67 , 787 (1945) 

M S Morel), L. Baur and K. P. Link, J Biol. Chem., 105 , 1 (1984). 
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groups were removed by treatment with alkali, which treatment leaves the 
glyrosidic methyl groups intact. A mcthoxyl analysis gave a value of 2.24%, 
which indicates the presence of one glycosidic methyl group for each B to 10 
galacturanic add residues. This product is undoubtedly degraded as is the 
methylated pectin of Luckett and Smith' 4 which according to osmotic pres- 
sure measurements contains 13 galacturonic add residues. 

Citric poetic arid or citrus polygalacturonide is a commercial piodurt made b> the 
acid extraction of citrus pulp. 17 The acid extract is treated with ralrium and sodium 
hydroxides which preripitate the calcium pectate. Treatmenl of thr latter product 
with acids gives the ritrus pectic acid. The latter contains 05 to 90% of galarturonir 
add and is ash-free. It is reported that different batrhes of tliia material vary ron 
aiderably. The industrial applications and preparations of pertie sulwtanees have 
been reviewed by Baier and Wilson.* 

The molecular weights of the polysaccharides of fruit juices < mainly pec- 
tins) have lteen determined from ultracentrifugal studies on the juice and 
on thr idcohol-precipitnble material.*’ Although net munodisperse, the 
products vary less in molecular weight thiui cellulose and starches. Ypplc, 
pear and plum pectins exhibit molecular weights falling in the interval 

25.000 to 35,000, but orange pectins give values in the range 40,000 to 
50,000. Osmomctric and viscometnc determinations' 1 on carefully 
nitrated pectin*, however, give molecular weights falling iu the intern! 

100.000 to 200,01X1 for fruit pectins, almut 20, (XX) to 25, (XX) tor In-el pec- 
tins, and 3, (XX) to 30, (XX) for flax pectins. When (he pcctin-containing plant 
material is nitrated directly, the isolated pectin has a higher inolerular 
weight than the pnsluet obtained by nil oiling the isolated pectin. Hence, 
it would uppoar (hat the intact protopectins an* of higher molecular weight 
than those isolated by the usual procedures. Since fruit pectins usually 
occur free in the juices anil require* but litllo chemical treatment to nrram 
plish their isolation, they w'ould lie expected to be ol higher molecular 
weight than root and leaf pectins which require more drastic isolation 
conditions. 

Henglein 41 lias pointed out that pectins louud free in solution (fruit tuid 
lierry juices) have a greater proportion of ester mcthoxyl groups than those 
in the cell walls of plants. He suggests that the free carboxyl groups act as 
bridges 1k* tween |H‘etiu chains and possibly carboxyl groups of other cell 

« K. P. lank and R. Neddon, J. Biol. Chm., H, 307 (1031-32). 

» W. E. Baier and C. W. Wilson, Ind. Eng. Chetn., 38, 287 (1041) 

"The Svedberg nnd N. Graldn, Nature, Hi, 201 (1038). 

41 H. Bock and R. Einsele, J. prakt. Chem., [2] IBB, 225 (1040); see, however* H. 8 
Owens, H. Lotxkar, T. H. Schnlti and W. D. Maclny, J. dm. Chrtn. Hoc., 08, I62K 
(1046). 

«F. A. Hengfein, J. makromol. Chm., 1, 121 (1043). 
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wall constituents such as cellulose, anibans, galactans, etc. Divalent ionB 
such as (V - *, Mg**, etc., may hold two carboxyl groups together by ionic 
linkages in a manner similar to their behavior in the complex silicates. 
Since the number of binding groups would increase as the number of un- 
CHtorified carlxjxyl groups increase, difficultly soluble pectins would be ex- 
pected lo have only a small methoxyl content as appears to l>c the case. 

The number of free carboxyl groups greatly affects the strength of gels 
formed in the presence of sucrose and calcium salts, for the main types of 
bonding in the gel is ionic ( — CO— 0 Ca- OCO). On the other hand, 
sucrose-pectin gels depend for their structure on hydrogen bonding between 
pectin molecules and the sugur, and the strengths are most dependent upon 
the moleeular weight of the pectin material. 42 

Although pectins do nut give good X-ray patterns, those produced from 
sodium pedate are satisfactory.” For oriented fibers of sodium pectate, 
the fiber axis identity period is 13.1 A, somewhat smaller than the corres- 
ponding value for cellulose (15.2 A). The chains have the configuration of a 
threefold screw axis, and pseudohcxagonal symmetry is exhibited. 

Peclic Enzymes.*' Enzymes exist in many natural products which act on 
lectins. Those present in fungi, bacteria and malt have received the most 
study. There is considerable interest in these enzymes as agents for the clari- 
fication of fruit juices and for the preparation of D-galaeturonic acid. Large 
quantities of an Axpuyilhis enzyme preparation (emulsin) are made par- 
ticularly for the former purpose. 46 

According to the Committee on Nomenclature of Pectin, 111 the peetic 
enzymes are defined as : 

Protnperlinaso. “The term applied to the enzyme which hydrolyzes or 
dissolves protopeetin with the resultant separation of the plant cells from 
each other, usually spoken ot as maceration.” 

Peetase. “The term applied to the enzyme which converts pectin into 
pcctic acid, the latter becoming a gel, especially in the presence of caleium 
(or barium or strontium) salts." 

Pediiiase. “The term applied to the enzyme which hydrolyzes pectin 
and poetic acid into their simplest soluble eleavoge products, ” 

The enzyme dissolving the 1 middle lamella is called protopeel iiiase. The 
presence of this type of enzyme in fungi, bacteria and plants has been 
noted. Davison and Willaman, 11 in a survey of a miinlwr of materials, re- 

48 R. HpeiBcr and C. R. Eddy, J. Am. Ch cm. Soc., 68, 292 (1946; . 

41 K. J. Palmer and M 11 Harlzog, J-. lm. Chem. Svc ,67, 2122 (1946); K.J Palmer, 
J. Applied Phys., 17, 405 (1940) 

44 F. R. Davison and J. .1. Willaman, Botan. Go:., 83, 329 (1027); Z. I. Kcrtcsz, 
Ergib . Enzymfojhrh., 6 , 233 (1936), F Ehrlich, Enzytnoloqiti, 3 , 185 (1937). 

41 Rohm and Haas “I’cdinnl.” (l\ H. Patent 1 ,932,833, Feb. 27, 1931.) A German 
preparation for the same purpose is called “Filtragol.” 
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ported the presence of the enzyme in the extracts of a liumlxn oi lungi. 
Almond emulsin and “Takadiastase” also were found to exliilrit this type 
of activity. 

Pectinascs are also widely distributed in fungal and plaid products. 11 
The first enzyme of this type, present in barley malt, was reported by 
Bourquelot and ndrissey. 4 * Aspergillus oryzae emulsin (“Tnkndia'tasp") 
contains a pectinase but lihisopus Irititi , Srleroltnia cmrea and Haeillus 
carotovorus emulsins provide letter sources. The pTl optimum oi the en- 
zymes lies near 3.0 and inactivation is rapid at (i0 o C. Certain -pocies of 
Pemdllimn an* also excellent sources. Commercial "Pcctinol,” howem, is 
reported to lie an Aspergillus emulsin. It is of interest that ceitain of the 
Penicilha have little or no amylase action although, as mentioned, they arc 
good sources of pectic enzymes. Pectinase (also called by Elnlich jiectolnse) 
is probably the most impoitont of the pectic enzymes, since it is respon- 
sible for the hydrolysis of the glycosidic linkages between the gulucturonic 
acid residues. As mentioned previously, yields as high as 80 p n r cent of 
crystalline n-galaeturonic acid ait* obtained from pectins by the action of 
this enzyme. 

Pcctinases may be separated from pectuscH (see below) by adsorption on 
cation-exchange resins. 47 

Pectase (called pectin-methovylasc by Kertesz) hydrolyzes the ester 
linkages of pectins with the liberation oi methyl alcohol and pectic arid. 
It appears to be veiy widely distributed in nature and is frequently found 
in the roots, leaves and berries of higher plants. It is often found free of 
pectinase. Although quite active for the hydrolysis of the ester groups of 
pectins and degraded polygtilaclurouides, those enzymes have very little 
hydrolytic action on Ihe gulacturonir acid methyl ester. The rnzyiue 
appears to have no optimal pH, but the activity increases continuously as 
the pH increases until the enzymic hydrolysis is replaced by ulkaJinc sapon- 
ification. The activity is determined by the measurement of the amount of 
free carboxyl groups formed after 30 minutes under standard conditions. <s 

In the initial phases of the action of enzymes on pectins, a marked de- 
crease in viscosity takes place accompanied by only a small increase in re- 
ducing power. This effect does not seem to lie related to the removal of 
methyl groups since a similar decrease in \ isccvsity with no increase in the 
reducing power takes place when pectins are heated at 100°C. at pH 3.2 
Under the latter conditions no cleavage of methyl ester groups takes place. 
These results arc interpreted os meaning that the pectin molecule consists 
of on aggregate of polygalacturonic acid chains of the form l (Cl )„]„ in 

M £. Bourquelot and H. Hdrisney, J. pharm. chim., fBJ 8, 145 (1RQR). 

• 7 R. J. McCulloch and Z 1. Kcitcsz, J. Biol. Chcm., 100, 140 (1D1R) 

u Z. I. Kertesz, J. Biol. Chrtn , til, 589 (1937) 
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which the polygalacturonir acid chains are represented by (G)„. The pre- 
liminary action of the enzymes is to break down the aggregates into short 
chains. 4 ’ 

It is not necessary to assume that the initial rapid reduction in viscosity 
produced as a result of enzymic or acid hydrolysis is due to the existence of 
weak bonds in the pectin chains. A sharp drop in the weight-average molec- 
ular weight is to Ik* expected in the early Btages of hydrolysis.” Also the 
activation energy in the initial stages is that required for the cleavage of 
ordinary glyccddic linkages (ca. 28, 000 cal. per mole.)* 1 

D. Polymers of Other Hexoses, Pentoses and Uranic Adds.” Mannans. 
Two types of mannans have been distingu'shed : those with 1 ,4' and those 
with 1 ,G' polymeric linkages.” Members of the first group appear to be 
structurally analogous to cellulose and, on the basis of comparisons of 
optical rotations, to have 0-glyrosidic linkages To this group lielong man- 
nans A and B of the ivory nut ( Phyiclepos macrocarpa) as well as the salep 
mannun found in the Orchidaceae and probably pine mannan. Yeast mnn- 
nan (yeast gum), which also contains 1 ,2' connections and mnnnoraroloae, 
which is produced liy the fungus Penieiilium charlcm from glucose solu- 
tions. belong to the group with 1 ,fi' linkages. A gluro-mannan, Konjak 
mannan, obtained from the conns of ConophaUus konjak, hns similar 1 ,(>' 
connections. 

Ivory Nut Mannans. The high mannose content of the endosperm of the 
ivory nut makes this material valuable for the preparation of mannose (sec 
tinder Mannose). The extraction of ivory nut shavings with 5% sodium 
hydroxide solution dissolves mannan-A and with 10% alkali, the mnnnnn- 
B.** The methylated mannans-A and H, on acid hydrolysis, yield 2,3,0- 
trimcthylmunnosc and small amounts of 2,3,4 ,0-tetramethylmannose 
(identified hr the anilides). The proportions of end-groups found agree with 
a chain length of 70-80 for the more soluble mannan-A. The average moler- 
ular weight is about 13,000.** 

Salop Mannan. Orchid loiters ( orchis sp.) yield an alcohol-precipitable 
mannan when extracted with cold water. As mcthylation and hydrolysis 
produce the same products as the ivory-nut mannans, the polymeric link- 
age is mainly of the 1 ,4' type. The end-group content agrees with a chain 
length of 70 to 80 units.** Osmometric and viscometric measurements of 
salep mannan fractions prove that the product is inhomogeneous and that 

” Z. I. Kartell, J. Am. Churn. Bo e., 01, 2544 (1939). 

M R. Speieer and C. R. Eddy, J. Am. Chem. Soe., 68, 287 (1948). 

" R. C. Merrill and M. Weeks, J. Am. Chem. Soe., 07, 2244 (1945). 

“E. Huscmaiin, J. prakt. Chem., [2] 166, 13 (1940). 

•* F. Kisses and R. Maureubreeher, Am., 606, 175 (1938). 

•«M. Ltidtke, Am., 460, 201 (1927). 

M F. Kluges and R. Niemann, Ana , 60S, 224 (1930) 
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the degree of polymerisation ie as much as 20 times greater than the Mae of 
the repeating unit ae determined from the end group determination. This 
difference may be due to degradation during the methylalion reaction or to 
a comparison of different fractions of the mannau. Branching of the mole- 
cule seems lew probable since the viscosities of s&lep mannan solutions are 
about thp same as those of degraded cellulose solutions of the same degree 
of polymerization. 0 This evidence indicates that the mannan inolerules 
Are linear polymers. 

Ptne Man ruing. In eontrast to the negligible mannan content of the 
Angiosperms, the ( iymnosperms yield mannans in quantities as high as 
10%. In order to obtain the mannans, alkaline extraction, following a pre- 
treatment with chlorine dioxide, is employed. Methylation studies have 
not been carried out on these mannans, but as their properties are very sim- 
ilar to those of ivary-nul mannan-A, the linkages possibly are also of the 
1 ,4' type. Since osmumetric and viscomclric studies give results similar to 
those fur salep mannan, pine mannans appear to be linear polymers closely 
related to cellulose. 0 The purity of these products is doubtful. 

Yeast Mannan My the extraction of yeast with hot water, Schutrenber- 
ger obtained a polysaccharide which he precipitated from solution by the 
addition of alcohol. Higher yields result trom the use of strong Reids or al- 
kalies as the extracting agents Complete hydrolysis of mcthylutnl mannan 
leads to 2,3,-Ui-tetramethylmonnose (2 moles), 3,1, G-trimetliylmannose 
(1 mole), 2,4,(i-trimethylinannose (I mole), 3,4-dimethylmannose (2 
moles) and small quantities (<3%) of 2,3,4-tiimethyimannose. The 
nature of the produrts pioves the existenee of three types of linkages: 
1,6', 1,2' and 1,3', in the relative proportions 2:3:1. Various cumhina 
tions of these polymeric linkages are possible, but the basic repeating unit 
consists of six monnopyranosc units with two of the aix in terminal posi- 
tions. 411 A possible structure is illustrated : 

l'-2 1-8' 1-2 1-2* 

— mannose — nwiuune mannuse— — mannose— 

6 

1 ' 

mannose mannose 

(A possible repeating unit of yeast mannan) 

MannocaroloHc. A polysaccharide mixture ib produced when Penicil- 
lium charlcsii grows on glucose holutionh. After fractional precipitatiun 
with alcohol, two polyboeclittridefi are obtained one ul which, called man- 
nocaroloae, yields mannose and the olher of which gives galactose after 

H W. N. Haworth, R. L. Heath and S. Feat, J. Chew. Soc. t 833 (1M1). 
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acid hydrolysis. The polymeric connection of the mannan is of the 1 ,6' 
type since 2,3,4-trimethylrnannose results from inethylation and subse- 
quent hydrolysis. Enough 2,3,4 J (htetrnmethylmannose (13.4%) is also 
produced to account for a repeating unit or molecule of 9 mannose units. 87 
The capsular substance of Bacillms krzemwiiewski has also been identified 
as a mannan. 58 

Konjak Mannan. Superheated water (110 I25 D C.) will extract a glu- 
co-nmnnan from the corms of ConophaHun konjal: . The same product is pro- 
duced as the result of the action of pancreas preparations on Konjak meal. 
Total hydrolysis leads to glucose and mnnnoso in the relative proportions 
of 1:2. The methylated polysaccharide yields on hydrolysis 2,3,4-tri- 
lnethylmannose, 2,3, (i-t rimethylniannobc and 2 ,3 ,4-t riraethylglueosc. 
Hence, the polymeric linkages appear to l>e of the 1 ,6' and 1 ,1' type. 59 
By acetolysis of Konjak mannan, a trisaccharide consisting of two mannose 
and one glucose unit is obtained. 

Konjak flour is used in Japan as a foodstuff. 

Mannuronic Acid Polynu ns. h0 Dilute alkalies extract irom brown sea 
wet iLs (Pharophymu) (see Fig. 3, p. 032) a polysaccharide called algin or 
alginic acid whirh has some industrial interest because of its property ol 
torming viscous mucilaginous solutions and because of its possible use as a 
textile fiber. Solutions of ulginic acid are acidic and decompose* carbonates. 
The neutralization equivalent falls in the range 176 to 181. Acid hydrolysis 
to the constituent uronic acids is difficult to achieve because* of simulta- 
neous decarboxylation, but by the action oi 80% sulfuric acid for 5 days at 
room temperature hydrolysis to the extent of about 80% is effected. From 
the products of hydrolysis, the cinchonine salt of n-inannuronic acid is 
obtained. 1 ' 1 

Methylatiou and hydrolysis ol a degraded alginic acid (obtained by boil- 
ing sodium alginate with 10% hydrogen chloride in methanol) yields the 
methyl ester of methyl 2,3-dimethylmannurQiiidc. Hence, the polymeric 
linkages probably are of the 1 ,4' type as is evidenced by the stability of the 
polysaccharide to arid hydrolysis ; the ^-configuration for the linkages seems 
probable bemuse of the large levorotation of the polysacchuride. Since 
periodic oxidation of 2,3-dimethybnanaosacchai'ic acid produces glyoxylic 
acid and in addition dimethyl-L-crythruronic acid, the glycosidic unions 

67 W. N. Haworth, H. Pais trick and M. Stacey, Biochtm. J., 29, 612 (1935). 

“ A Klcczkowski and P. Wierzchowski, Soil Science , 49, 193 (1940). 

bD K Nishida and II. Hashima, Bull. Agr. Chem . Soc. Japan , 8 , 54 (1932) ; T. Otuki, 
J. Chem. Soc . Japan , 60, 1181 (1939), 6t , 531 (1940). 

10 A. G. Norman, “The Biochemistry of Cellulose, Etc.,” loc. r/f., 1 p. 142. 

81 W. L. Nelson and L. H. Cictcher, J. Am. Chem . Soc., 64, 3409 (1932); 8. Miyake 
and K. llayashi, J. Soe. Trap. Agr Taihoku Imp. Unit'., /J, 95, 204 (1939); G. M. 
Bird and P. Haas, Biochcm. J ., 26, 403 (1031). 
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must involve carbons 4 or 5.“ The direct oxidation oT alginic acid by 
periodic acid would be expected to produce a 2,3 dialdehyde from each 
mannuronir acid residue, and this dialdehyde should be oxidised to a tri- 
carboxylic acid. On acid hydrolysis, the dialdehyde should yield D-erythr- 
uronir add and glyoxal, and the bromine oxidation product should Rive 
meso-tartaric add and glyoxylic acid. Experimentally it is found that 42% 
of the theoretical quantity of glyoxal and 25% of metto-i artaric acid nrc ob- 
tained from the corresponding products of periodic acid oxidized alginic 
acid. These results provide supplementary evidence that the linkages run- 
not involve the hydroxyls of carbons 2 and 3. M 

Alginic acid has become of considerable interest as a possible textile 
fiber. It dissolves in alkaline solutions and may be spun into filaments which 
are said to huve a greater stability to acids than cellulose filaments. Such 
filaments arc not suitable for prartiral purposes since they dissolve in al- 
kaline solutions. The aluminum, calcium, barium, chromium and partic- 
ularly the lx*ry Ilium salts of alginic acid are insoluble in water and may be 
of value for oinking cemmercinl fillers. 'Hie high content of carboxyl groups 
should lie advantageous in delustering processes shire large quantities of 
mctullir ions eon be taken up, and these frequently promote delusterificn- 
tion. Such products also are extremely nouinflaiumable. 

Galarlane. In addition to agar and the water-soluble nrabo-galactan of 
larch wood whieh are discussed later, the gahietan occurring in the albumin 
glands of the vineyard Rnail [Helix pomatia) lias received considerable 
study.* 4 This goloctan is accompanied by glycogen and is known or Rnail 
galactogen. M ethylation and arid hydrolysis of snail galartogen produce 
approximately equal amounts of 2,3,4,G-totramcthylgnlactnxe and 2,4- 
dimethylgalaetose but no trimetliylgalactose. These results we only inter- 
pretable on the basis of a highly branched structure in which every galac- 
tose unit either is an eud group or is attached to an end group. 

1 - 6 ' l '-6 1 - 6 ' 

galactose— — galactose- ---galactose- galactose 

3 3' 

I' 1 1' I 1 

galactose galactose gal ariose galactose 

(Possible repealing unit of snail galartogen) 

Although such a high degree of brandling is unusual, a similar compound 
composed of fnictofumnosc units (irisin) is known. Since some D,i.-gnlar- 

“E. L. Hirst, J K N. Jones anil W. (). JonoB, J Chen Snc , 1880 (11(39) 

" II. J Lucas and W. T. Stewart, J. Am. Chem. .foe., 91, 1070, 1792 (1010). 

M H. U. Hcbluhaeh and W. Loop, Ann , 5St, 228 (1937), E. Baldwin and D. J. 
Bell, /. Chem. Soc., 1461 (1938). 
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tose occurs in the products of hydrolysis, at least one of the units of the 
above structure is an L-galactose residue. ” 

Pentosans. Peanuts (Arachis hypogaea) yield as a result of mild alkaline 
hydrolysis an Araban-pectie acid complex from which an arahaii may be 
extracted by 70% ethyl alcohol. Approximately equal proportions of 
2 ,3 , 5-trimclhy l-L-arabinofuranose, 2 , 3-dimethyl- and 3-muthyl-L-arab- 
iuose are produced by acid hydrolysis of the methylated araban. 88 The tri- 
mothylarabinow 1 must liave a furanose structure. Tn analogy, as well os 
Irom the e.'ihO nf hydrolysis of the araban, it is assumed that all of the arab- 
inoHC residues in the polysncrliaridr have furanose structures. The tri- 
methylanihiuose fraction must represent terminal groups, the monomethyl- 
L-arabinose points of branching, and the dimethyl-L-amhinosc unbranched 
potions in the chains. Several possible repeating units ol the structure are 
illustrated Arabans from citrus and apple lectins seem to he similarly con- 
stituted. 


2 1 ' 

arnbuiofuranose 

5 
V 

arabinofuranoHo 

I 5 ' 

I 1 

arabiiinfiiranosp 
(Possible repenting unilh of peanut araban) 

A \ylan occurring in esparto grass contains small quantities of irtirab- 
inofuranose residues. Since the latter are easily removed by the action of 
0.2% oxalic acid at 100 °C. they must be located at the ends of the chains. 
The xylan is represented ah continuous chains of about 19 xylose units 
each, terminated by arahinofuranose residues and cross-linked through 
the reducing group of oiip chain and a hydroxyl frarbon 3?) of another. 87 

The oxidation of wood and straw xylan by periodic acid has been studied. 
The process may have some value for the production of 2-carbon and 3- 
rarbon hydroxy acids and polyglycols. 88 

Wood xvlans have not been isolated in a high degree ol purity. One of 
the purest of such materials is a fraction obtained from the holocellulose 
of aspen (Popufus) wood und contains HT>% of xylose residues. 8 ’ 

M D. J. Bell and E. Baldwin, /. Chem. Soc., 125 (1941). 

M E. L. Hirst and J. K. N. Jones, J. Chem . Soc ., 496 (1988); G. H. Beaven, E. L. 
Hirst and J. K. N. Jones, ibid., 1865 (1939). 

flV R. A. S. Bywater, W. N. Haworth, E. L. Hirst and 8. Peat, /. Chem. Soc., 1983 
(1937). 

11 G. Jayme and M. S&tre, Bcr., 75, 1840 (1942); 77, 242, 248 (1944). 

11 B. B. Thomas, Paper iiid. and Paper World , 57, 374 (1945) 
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B. Polymers of Glucosamine (Chitln). A unique nitrogen-containing 
polysaccharide (chitin) composes the organic skeletal substance of insects, 
Crustacea and fungi, but it proltahly docs not appear in the higher plants. 
Although extremely resistant to hydrolysis, chitin is hydrolysed by. con- 
centrated acids to equimolocular quantities of glucosamine and ncetic acid 
and by ensymes to N-uMylghicosomine. 70 From the products of partial 
hydrolysis of chitin, u disaeeharide (chitobiose) has been isolated iu> the 
acetate. 71 It is probably 1 -glucosamine n-glueosaininide. 

/Although conclusive evidence for the structure of chitin is locking, it is 
probable that the polysuccharide consists of continuous chains of N-acctyl- 
glucosamine residues connected through 1 , 1' 0-glueosidie linkages. Such a 
structure is Btrietly analogous to thAt of cellulose and diifers principally in 
the substitution of the NH — CO — CH| group foi the hydroxyl group at 
carhoii 2 of each glucose unit in the cellulose chain. 



o — 


The assignment of u structure for chitin analogous to tluit foi cellulose 
reeoives support from -X-ray diffraction studies. 7 * The unit cell contains 
eight N-aeetylglucosainine residues, is orthorhombic and has the following 
dimensions : 


o - 9.40 A; - 10.46 A; f ' 10.25 A. 

All the evidence available indicates that chitin from animal sources is 
identical with that from fungi. 71 

The insolubility of 1 he polysaccharides makes the molecular weight deter- 
mination difficult. The determination lias been accomplished by dissolving 
native chitin in 50% nitric acid, measuring the viscosity at various times 
thereafter, and then extrapolating to aero time. Chitin from several sources 
is found in this maimer to have about the same degree ol polymerization as 
wood cellulose under the same conditions. 71 

!0 0 . Ledderhose, Her., 9, 12U0 (IK76); H. Hraeh, Hiochem. X., 98, 40S (1011); P. 
Karrer and G. v. Francois, Heir. Chim. Ada, li, 98(1 (1020 1. 

n M. Dergmann, L. SServas and E. SillssrkweU , Her., 84, W3C (1031). 

»K. H. Meyer and O. W. Paukow, Helv. Chim. Ada, 18, 580 (1035); G 1. Clark 
and A. F. Smith J. Phy». Chem., 40, 803 (1036). 

» J. M. Diehl and G. van Iteraon, Jr., Kolloid-Z., 78, 142 (1035). 

» K. H. Meyer and H. Wehrli, Helv. (.'him. Ada, 90, 353 (1037). 
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2. Heteropolysaccharides Derived from Several Sugar Types 76 * -8 

Polysaccharides which are hydrolyzed to several monosaccharide types 
frequently are encountered. They are of considerable interest to the bio- 
chemist. Although their industrial importance is small at present, they 
should receive additional investigation from economic considerations alone 
since some are very plentiful and are by-products of commercial processes, 
e.g., of wood cellulose purification. Although the investigation of the struc- 
tures of these substances has hardly been more than commenced, it is pos- 
sible to write incomplete structures for some of the compounds. In most 
instances, however, the complexity of the structures is such that unequiv- 
ocal formulas cannot lie proposed. The problems involved in structural 
studies are difficult, and even the basis for the purification of the naturally 
occurring mixtures or complexes remains to be established. The present 
method often involves the use of hydrolytic agents to bring the substances 
into solution and the use of selective precipitants for purification. Such a 
procedure leaves much to l>c desired and makes it practically impossible to 
know much about the combinations present in the original untreated ma- 
terial. 

A. Hemicellulose and Cell-wall Polysaccharides. Woody tissues contain 
carbohydrates lignin, organic extractives (tannins, terpenes, alkaloids, 
iats, sterols, etc.) and inorganic salts. The carbohydrates are the principal 
constituent, with the lignin next in quantity. The organic extractives are 
of considerable importance ; their nature is one of the characterizing prop- 
erties of various woods. The extractives usually are removed by treat- 
ment of woody tissue with hot alcohol and ether. 

An organic material called lignin w hirh is rich in aromatic rings is present 
in considerable amounts. The lignin may be combined chemically with the 
carbohydrates of the cells. Both its chemical composition and genesis are 
unsettled. 7 " The material is of considerable potential importance because 
large quantities are available as a by-product of the preparation of paper 
pulp and of other piocrsses. Tentative structures for lignin have l>een pro- 
posed by Frciidenbcrg and by Ilibbert. The material may 1>e u polymer in 
which the basic unit is a phenvlpropane radical : 

7tl A. G. N oi nmn, “The Biochemistry of Cellulose, the Polyuronides, Lignin, 
ele ”, Oxford (1037), Ann Rev. Biochnn , 10, 65 (1041). 

7,b K. II. Meier, "High Polymers,” Vol. 4> p. 347; Inlersrience Publishers, New 
York (1012). 

7fa K. Hugglund, * Holzchemie,” Akademisrhe Verlagsgesellschaft, Leipzig (1030). 

7M L. E. Wise (Editor), "Wood Chemistry," Reinhold, New York (1014); A.C.S. 
Monograph 07. 

K L. Hirst, J. Chcm . Soc 7D (1042). 

76 For discussions of the subject see: II. Ilibbert, Ann . Rev . Biochcm ., 11, 185 
(1012); M. Phillips, Chem. Revs., H, 103 (1034); E. G. V. Perciv&l, Ann. Repts. Prog. 
Chcm., 39, 142 (1012). 
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Numerous procedures have l>een suggested for the removal of lignin from 
the carbohydrates of the roll wall. That for Cross and Iievan “cellulose” 
represents one of the earliest and best known methods . 77 This method 
involves the treatment of moist, finely divided, extractive-free wood alter- 
natively with chlorine ami with sulfurous acid and sodium bisulfite until 
the lignin is removed, and a wliite residue ((Voss and Bevon cellulose) is 
obtained. This type of procedure seems to have been described first by 
Fremy and Tcrrei!. 7 " Although this treatment removes the lignin, a con- 
siderable quantity of carbohydrate material is lost in the proi*ess. 

Chlorine dioxide (chlorous acid ) removes lignin and has considerably less 
degradativc action on carbohydrates than chlorine. One of the first prod- 
ucts made by the use of this reagent was called Nkrllrttsiibxtanz (skeletal 
substance) by I']. Schmidt. Alternate treatment of w T oodv tissue with 
chlorine and with an alcoholic solution of pyridine 711 or ethanolamine 8 " 
yields hohrplhiltMr, a similar product. Til the ethunolamine process some of 
the amine reacts with heinicelluluse groups and is retained in the holoeellil- 
lose fraction. For thii* reason, the met hod has been modified 81 to a treatment 
of wood meal with aqueous sodium chlorite and acetic acid at 70 to 80° C. 
The holocclhilosc obtained in this way is white and retains the original 
woody structure. It contains small amounts of lignin (2.8 to 3.5%) which 
can 1)0 removed only at the excuse of u loss in the more soluble carbohy- 
drate (hcmicellulosc) fraction. The method has particular value for the 
preparation of large amounts of material for structural studies. 

According to the (Voss and Hcvan definition, the w-eellulose content of 
(Voss and Iievan cellulose oblaincd from woody tissues is the material 
insoluble* in cold 17.5% sodium hydroxide. The jtf-ecllulose consists of the 
material precipitated from the alkaline* extracts by the addition of acids, 
and the 7 -cellulose comprises the portion remaining in the acidified ex- 
tracts. These definitions are* extremely arbitrary, and under either condi- 
tions the amounts of the three fractions are different. The rc-rellulosc 
fraction agrees closely with the cellulose of Chapter XIII. The alkali-soluble 
material cousists of polysaccharides and some lignin, the latter with some 

77 (I. F. Cross and 13. J. Hcvan, J. Chcm . fior., 98, 666A (1880); “Cellulose,” p. 05, 
Longmans, Green A Co., London (1010). 

711 E. Fremy and Terrell, Bull. a»r. rhim., [2] 9 , 430 (1868). 

77 E. Mrhiuidt and asaoeiales, Ccllulovechem., 12, 201 (1031); 18, 129 (1032). See also 
summary hv A. G. Norman, loe. cit. lu 

R0 W. G. Van Berkum and G.J. Hiller, Ptrpet Trade J I04 t No. 10, 40 (1037). 

« L. E. Wise. M. Murphy and A. A. D'Addieeo, Paper Trade 122, No. 2, 35 
(1046); G. J&yme, CeUulosechem., 20 , 43 (1042). 
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of the polysaccharide material being precipitated by acids. The polysac- 
charides which dissolve in the alkaline solution are termed hemieelluloHeB. 
The hcmicelluloses are defined by Norman as “those cell-wall polysac- 
charides which may l>e extracted from plant tissues by treatment with 
dilute alkalies, either hot or cold, but not with water and which may )>c 
hydrolyzed to constituent sugar mid sugar-acid units by Iwiling with hot. 
dilute mineral acids/* Of the bcmicelluloses, the components closely asso- 
ciated with st met u nil cellulose an 1 designated cvIIuIohuhh. An additional 
separation of hemicelhdoses into an A-frartion, preeipituted by acidifica- 
tion of the alkaline extracts, and a H-frnction, preeipit ated from the alkaline 
extracts only by the addition of acid and alcohol, is made by some investi- 
gators. The A- and ll-fractions subsequently mentioned refer to this pro- 
cedure unless noted otherwise. 

Wise, Murphy and IVAddiecuP obtained hemieellulose-A and -B by ex- 
traction with 4 lo 6% and 21 % potassium hydroxide, resjjertively. The 
carbohydrate material in the extracts was precipitated by means of acetic 
acid and ethanol. The procedure is particularly applicable for analytical 
determinations as all of the fractions an 1 obtained in a solid condition. 

The term hcuiicellulosc was originated bv E. Srliultze ilK<)21 who 
considered that this material might l>e intermediate in the formation of 
cellulose. Since the alkali-soluble fraction is hydrolyzed by acids to n- 
xylose. D-gnlactose, L-arahinosc und munic acids in addition to D-glurosc, 
the term appears inapt but likely to 1)C continued. The rrlnlioir-liip of these 
various sulmtances is illustrated in Fig. 1. 

Wood pulp as prepared by the usual commercial practices contains con 
sidmible quantities of hcmieclhilosrs. As shown by Jayme, v the presence 
of hcinirelluloses in wood pulp used for pn|MT is generally lienrfirml, and 
pulps high in ^-cellulose produce papers with poorer meehanical pro]>er1ies 
than those with appreciable amounts of hcmicelluloscs. Appamitly the 
latter materials act as bonding agents for the paper filters. 

Since the removal of lignin, hemieelluloses and eellulosans lrnm the cell 
walls of several types of wood has no marked influence on the X-ray pat- 
tern^* it is probable that the lignin lies 1 between and not within the micelles. 

Tlie hemieelluloses from the English oak have Ix'on extensively investi- 
gated by O'Dwyer. A schematic diagram of the separations is given in 
Fig. 2. Fractions precipitated from the alkaline extracts by the addition of 
acids (hcniiccllulose-A ) were prepared from sap-wood and heart-wood. The 
main sugar obtained on arid hydrolysis of both fractions is D-xylose. In the 

M li. Juyme, Paphr-Fubr. Wuchbl Pnpierfabr., 223, 295 (1944); Vhem. Abut., 
40, 3895, 3897 (1949). 

H U. I). Preston and A. Allsopp, Biodynamica , t. No. 53 (1939) 
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A-fraetions, the xylose is combined with uronie and methoxynldobiuruiiir 
acids. A difference between sap- and heart -wood is shown by <he formation 
of about 10% glurose from the sap-wood fraction by the action o( Agper- 
yillm nrytar cmulsin (Taka diastase 1 ! while the other fraction irises no 
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glucose. The ensyme-resiMunt polysacrlwrides from the naji- and heart- 
wood fractions are apparently identical; and prolonged additional treat- 
ment w ith the .1. oi yzac eimiUn leads t o the format ion of a soluble polysac- 
charide and three moles of xylose. This soluble polysaccharide eonsisls of 
six moleB of xylose nnd one mole of a monomethylhexuronic arid. 

'Hie aleohol-preripitalile material (hemirellulosc-B) from the acidified 
solutiona »1bo seema to contain a structural unit ranristing of six xylose 
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Fig. 2. O'Dwyer’s separation and stepwise hydrolysis of 
hemi celluloses from oak-sap wood. 
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residues and one mcthylhexuronic acid residue. The same difference in the 
glucose content exists fur the sap-wood and heart-wood preparations as for 
the A-fractions, and it appears that the main change of composition whirh 
takes place in the transformation of sap-wood to heart-wood consists in the 
removal or transformation of glucose residues. The greater solubility of the 
B -fractions is probably to be oscril)ed to the greater amounts of uronic 
aeids presenl . 

The composition of the hcmirellulose fractions obtained from hardwoods 
of different types also have boon investigated by Anderson and associates, 8311 
who import that they usually consist of a series of xylose units associated 
with a monomethylheximmic acid, presumably methylglueuronic acid, 
which has an ether rather than an ester-linked methoxyl group. Glucose is 
often found in the hydrolytic products w T ith the xylose and may he a com- 
ponent of the hemicellulosc molecule's or may be derived from associated 
molecules such as starch or cellulose dextrins. llemiccllulose from the 
compression wood of the white pine contains some mannose as well as 
xylose units, and that from the normal white pine wood contains glucose 
as well as mannose and xylose residues. In general, it appears that in the 
various hardwoods, approximately 7 to 19 xylose units are associated w'ith 
one molecule of the uronic arid, which is combined with the neighboring 
xylose unit through a glycesidic linkage involving the reducing group of 
the uronic acid. Since the hemicelluloscs originally are obtained by alkaline 
extraction but not by extraction with water and thereafter are w'ater 
soluble, it seems probable that originally they, are connected to some cell 
constituent in the intact wood through an ester linkage involving the 
carboxyl group ol the uionir acid. Because the lignin is also solubilized by 
the treatment, it may be one of the constituents to wiiich hemicellulose is 
attached. 

The liolocellulose of maple wood has l>een separated into four fractions 
by extraction witli increasingly stronger solvents in the order: boiling 
water, 2% cold sodium carbonate solution, 4% cold sodium hydroxide 
solution and boiling 10% sodium hydroxide solution. 1,1 In Table II, the 
composition of the various fractions is given. The molecular w’eights w'crc 
determined by the iodine titration method of Bergmann and Machemer, 
w’hich, ns previously explained, may not give reliable results. The molecular 
weights of the fractions increase with the insolubility of the fractions. The 
main difference in the fractions s<*oms to l)c that the proportion of xylose 
increases with apparent molcculai weight and at the expense of the hoxose 
fraction. 

Other lignified tissues have a similar composition. Wheat straw hemiccl- 
lulose is principally of the B-typo, and hexuronie acid, L-arabinose and 

41, See summary K Anderson, K B Raster anil M tl tiecley, Biol. Ctom., 
J44, 767 (1942). 

14 R. L. Mitchell and G. J. Ritter, J. Am . Chcm. floe., G$, 1968 (1940). 
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xylose in the relative proportions 1:0.0:23 are found in the hydrolysate. 
The alkali-soluble fraction of alfalfa hay contains 12.1% uranic acid anhy- 
dride (probably the inonuniethylhexurouic acid) and 77.3% pentosan, 
which is mainly componed of xylose units although some L-arabinosc 
residues are also present. 8 ' Cotton seed hull heiniceUuluse'" consists of d- 
glucuronic acid and n-xyloso in the approximate ratio of 1 to 10-llj. 

The hemicellulose of New Zealand flux. U'hormium ten ax) lias been 
partially investigated by mcthylation methods. 87 The methylated hemicell- 
ulose upon methanolyhib gave methyl 2,3,4-trimethylxyloHide (about 
11%), methyl 2,3-diincthylxylohide and the methyl ester of a methylated 
polyuronide runtaining xylose and glucuronic acid residues. The 11% of 
trimethylxylose represents end groups; approximately one of each ten 
residues is a terminal xylose group, and the structure is highly branched. 


Tabu II 

ComponUun of Maple Hemirelluloet Fraction*** 


Frdrtinn 

1 Win Mol. 
W' W ht 

i 

Approx, Moles in Of if Mole of Hemirellulusc 


! Uromr Ark! 

Xylene 

1 Ilexoftr 

Melhoxyl 

\criyl 

IW1 

IA 

1,070 

1 

4 

2 

] 

2 

10 

IR 

2,260 

2 

8 

3 

2 

5 

20 

II 

3,860 

A 

16 

3 

3 


28 

TIT 

10,600 

i 7 i 

63 

1 4 

7 

i 


81 


Osmotic pressure studies indicate that components of the \ylan fractions 
obtained from wheat straw and beech wood and the inannun from spruce 
have degrees of polymerization falling in the range 120 200 units os com- 
pared with a minimum value of 1500 for beech-wood cellulose. The viscosi- 
ties of solutions of tho xylanB and coalmans are of a magnitude similar to 
those of cellulose preparations of similar degrees of polymerization . This cor- 
respondence provides evidence that all of these substances are linear 
polymers. B 

Several monosaccharides and uronic acids may lx* present in the hy- 
drolysates from hemi celluloses, but commonly glucose, xylose and glu- 
curonic acid or galactose, L-arabinose and galacturonir acid are found in 
the same hydrolysates. This type of occurrence might lie expected since the 
individual members of each of these two groups are clubcly related from the 
structural standpoint. By the oxidation of the primary hydroxyl groups of 
a member of the cellulose homologous series, a polyghicuronir arid would be 

» H. D. Weihe and M. Phillips, J. Apt. Research, 60, 781 (1940); M Phillips and 
B L. Davis, ibid., 60, Tib (1940). 

■ E. Anderson J. Hechtnmu and M. Seeley, J. Biol Ckem , liti, 176 U998J. 

" R. J. MeDroy, C. 8. Holmes sod R. P. Manger, J Chem. Hoe., 796 (1946). 
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produced which in turn by decarboxylation would paw to a xylnn. A mmilar 
oxidation of a gahtctan would yield a polygalacturonic acid, and decarboxy- 
lation would give an i,-arahan. Although this origin of pentosana in appeal- 
ing and may apply to hcmicelluloses, it does not explain the pre cnee of 
arabinoluranosc units in peanut am ban or the association of arabino- 
furanosc and \vlopyranose residues in esparto xylan. Also, a galactan, 
isolated from the pectin constituent of seeds of Lupin us ulbut, consists of a 
chain ol p-u-galuctopj/ramift units, whereat) an accompanying arnban 
seems to Ik* composed of L-arabino/wrtf/KW nwhint. 1 ^ Certain bacteria arc 
reported to hft\ e the power to decarboxylate glucuronic acid to xylose, but 
the establishment ot the presence of the corn's ponding enzymes in plants 
requirts further investigation. Peculiarly enough, although mannose is 

Tabu. Ill 

Composition of Wood Hydrolysate* 


Sllfcttl 


(Deciduous; 

Birch 

(Lomteroub, 
JncL Fine 

Total leducing sugai 


70.8 

f t 

UK 7 

u-lilucoae 


47 9 

16.4 

ii (jalactnhr* 


0.0 

4 .1 

u M annum 


1 3 

9.7 

i) X\ Iosp 


21 3 

6 i 

k ArabinoHi 1 


0.3 

2 2 


found as a hydrolysis product ot certain hcmicclhilosc fractions, the pres- 
ence oi the cm i espouding uronir acid and pentose fmunnuronic acid and 
lyxose) has mil been demonstrated. 

Sinrhurijirnhon of 11 mol.' 1 ' Treatment ot wood with strong acids ut 
ele\ uted temperatures saccharifies the constituent polysaccharides. The 
sugars found in the liydiolyzutc arc dejieudent upon the type of wood. 
Considerable quantities of D-xylose urn produced along with u-glucose from 
deciduous woods. Smaller quantities of pentose result from the hydrolysis 
ot roniferous woods, hut considerable amounts of D-maiuiiw and often 
D-gabietoHO are formed Tin* composition ul hydrolj zntcv> ot jack pine and 
birch, determined at The Institute of Paper (’hemistry after hydrolysis by 
72 % sulfuric acid followed by dilution and boiling, is rppoi ted in Table III. 
Such liydrolyzates have been used for thp production of ethyl alcohol by 
fermentation processes. In order to utilize the pentoses, special organisms 
such as Torula datilla and Fuxarium species, have been used. Sometimes 
the production of alcohol is secondary to the production of protein material 

11 E. C. John, "Wood Chemistry," Editor: L. E. Wise, p. 774; Kcinhold, New 
York (1944); E. Hftgglund, "Holsrhemic,” p. 296; Akademisehe VerlagBgpselUrhaft, 
Leipzig (1989). 
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for fodder purposes. For the latter purpose, conditions are chosen favorable 
for the growth of the organism rather than for its maximum conversion of 
fennentable carbohydrates to alcohol. Waste liquors from the sulfite process 
for paper making have similar compositions and also may be used. 

In both World War I and II, wood hydrolyzntes were used as a source of 
fermentable sugar. The two most widely known processes are the so- 
called Rcholler and Hergiuh processes. The Schuller process has l>een favored 
in the United States, and several plants using it were built in Germany, 
Italy, Manchuria and Korea in the decade preceding World AVar II. The 
process as carried out in Geimany, involves hydrolysis of wood chips with 
0.5% sulfuric acid under a pressure of 105-180 pounds per square inch. At 
the end of about forty-live minutes the dilute sugar solution is eooled, 
neutralized, and otherwise prepared for fermentation to alcohol. This proc- 
ess is the outgrowth of a method patented by Simonsen in 1 891. 1,0 Several 
other processes using dilute 1 acid, including one using dilute sulfurous acid, 
have l>ecn used at times.' 11 

The Hcrgius process uses 40 to 42% hydrochloric acid. The action of the 
strong acid on the glucose which is formed, its corrosive effect on the equip- 
ment and the difficultic* encountered in its recovery contribute to the 
difficulties involved in the use ol this process. No successful development of 
this process in the United States has l*»en reported. 1,2 

Arabo-yalartun. From the wood of the western larch (Lam occult nfalm), 
as well as that of other larches, an arahn-gulaetnn min Ik* obtained by 
extraction with water.’ 5 * According to the definition prc\iously cited for the 
hcmicelluloscH, this product is not to be included with the heinicelluloses 
since it is originally water-soluble and does no! require a preliminary treat- 
ment with alkali. Howe's er, because of the structural similarities, it seems 
desirable to consider it at tliis point. Although the properties of fractions 
obtained by fractional precipitation of solutions of the arubu-galactan and 
of derivatives exhibit appreciable differences, and indicute thal the polysac- 
charide is a mixture, it seems probable that the various fractions arc 
structurally related. 

As a result of studies of the products of melhylution and partial hydroly- 
sis of arabo-galactan fractions, Wliitc has provided information sufficient 
for the establishment of a tentative structure. Total aciil hydrolysis gives 
D-galactosc and L-arabinosc in the proportion of 0 to I." 3 ' U1 

■■ Sec: W. L. Faith, Ind. Eng. Chem ., 57, 0 (1945). 

•" IS. Simonson, Grr Patent 92,079 (1894)-, Z . angry). Chem., 9 , 195, 962, 1007 (1898). 

11 A. Classen, Grr. Patenl 118,540 (1899); 130,980 (1001) 

“ E. C 1 . Slierrard and F. W. Krrasman, Ind. Eng Chem 57, 5 (1945). 

u See. F. C. Peterson, A J. TJany, If. Unkauf and L E. Wise, J Am. Chem. Soc 
6i t 2361 (1940). 

M E. V. White, J. Awi. Chem. Soc,, 54,2838 (1942); L. E. Wise and F. C. Peterson, 
Ind. Eng. Chem., 22, 362 (1930). 
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Aleioholysis of the methylated arabo-galactan yields the glycosides of 
2. 4-elimethylgiilnctose, 2,3, 4-trimpthylgalactosr, 2,3,4, ft-tetnunethylga- 
lactose and 2,3,5-trimethylarabiiinse in the relative proportions, 3:1 :2:l. 
As a result of partial ueid mctlianolysis, two products wen* isolated in 
addition to the previously obtained methylated glycosides. These products 
were tentatively identified as an oc t amo t hy 1- (6-gal act ose D-galacLoRide) 
and a hept arnel hyl- (6-galart ose i>-galuctosidc) which luus the uiiRubsti- 
tuted hydroxyl at rarbon*3 of the aglycon group. The composition of these 
disaeeharides provides evidence that at least one of the polymeric linkages 
is ol the l ,(i' ty]K*, and the free hydroxyl at enrhon 3 makes it pruluible that 
arabinose oi galactose unils an* connectc*d to this carlnm in the intact poly- 
saccharide. Inasmuch as the leiramethylgaluotoside and tlie trimetliyl- 
arabinoside tractions represent terminal groups, three* of every seven units 
me end-gioups and the molecule must lx* highly branched. 

The allocution of the arabinose groups to terminal positions is supported 
by their pi eferential removal through partial hydrolysis of the aralio- 
galaetan 1,1 The resulting product, after inethylation und hydrolysis, con- 
sists of tquimolfnilar quantities of di-, tri- and tetrainethylgalaetoHe 
residues. When the lelnthc proportion of these products is compared with 
that obtained by the inethylation ami hydrolysis of the original arabo- 
gulactan, it will Ik* scm^ii that the arabinose' components must Ik* attached 
to gal act use components w hieh yield dimetliylgalactose when the hydrolysis 
takes place after inethylation and Irimethylgalactose when there is a 
previous pm tin I hydrolysis. However, the additional mole ot trimethylga- 
iactose, formed as a result of the preliminary removal ot the arabinose* 
gi imps, is the 2,4,6 isomer instead of additional 2,3 , 4 isonie*r. The arabino- 
furunosc unit, then, must be attached to carbon 6 ot the adjoining galactose 
residue in the original polysaccharide. 

During inethanolysis of the methylated polysaccharide, it appeal’s that 
a resistant residue composes! ot a chain ol I ,6' linked 2, 4-dimethylgulactosc 
residues accumulates in the early stages of tin* hydrolysis. If, as seems 
probable, this residue represents the main chain of the arabo-galaetan, the 
piobable structure may Ik* written' 1 *: 

fi'-l 6-1' (main chain) < > 

gaUc I ojnrannM 1 - 

13 


V fi'-l 


(galaclop\ i ammo galartopyrwuwMOi 

I S' 


1 1 w # 

galartopyrauosi* arabinofuranost* 
(Iterating unit of arabo-galactan acrordiug to White) 


■»■ W. Low and E. V. White, J. Am Chm. Roc , 66, 2430 (1044) 
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A highly branched structure agrees with the low viscosities exhibited l)y 
solutions (rf the isJvhjiccharidc. Since osmometric and visccnnetric measure- 
ments give values of about 220 for the degree of polymerisation, the above 
unit st met tire occurs 31 times per molecule. K 

As indicated above, there is some evident 1 that the araho-gularlun is 
heterogeneous. The acetyluted and methylated material can l>e fraction- 
ated into materials with different optical rotations and pentose con- 
tents. 9 * ■ 9 sb The ultracentrifuge shows that two fairly homogeneous 
components arc 1 present with molecular weights of 10,000 and 100 v D00. 9Lg> 

Black spruce wood ( Piccu mariam) contains a water-soluble polysac- 
charide composed of D-galaclosc, i.-arabinose and uvonic arid in the follow- 
ing proportions : 4 : 1 : 1 Rd 

B. Mucilages, Gums and Gel-forming Substances . 7 * 1 e Ml ‘ A group of 
substance's which give visrous, mucilaginous or gelatinous solutions are 
variously descrilxxl as plant gums, mucilages and gel-forming sulwtances. 
In a very general way, it may l>e said that gumH occur ns exudations on the 
fruit and bark of plants. "Hie exudations are frequently the result of insect 
produced injuries and possibly are the result of bacterial art ion. The ex- 
traction of plant seeds gives rise to mucilages and of marine algae (sea 
w r ecds) to the gel-forming carl>ohyclrates. l T ntil much more is known about 
these sulwtances, it is impossible to characterize them more closely on 
structural considerations or physical properties. In general, uronic acids 
arc present in the molecule's ns well as hcxusc and pentose sugars. An 
important distinction from the hemicrlluloscs ap]>cars to Ik* the presence 
of free 1 carboxyl groups which, for the hemicc'lluloses, are involved in 
linkage's with some of the cell constituents (lignin ?). Frequently, the 
pentose constituents may l>e removed by “auto-hydrolysis 71 fi.e., by heat- 
ing the gum in water) or by partial acid hydrolysis, and resistant residues 
composed ot hexosc's and uronic acids are left. The component sugars are 
1 ound with pyrtinoflp rings except for L-nrabinose which is encountered in 
the furanose form. Although the glucose polymers are usually formed 
through 1,4' glueosidic connections, galactose polymers frequently an' 
found with 1 ,!V or 1 ,(i / linkages. In spite of the wide distribution of gums, 
mucilaginous and gelatinizing sulwtances, relatively few have received 
much investigation, and oi these only several of the more important am 
discussed in the following pages. 

The general composition of some plant gums, as summarizi'd by Hirst , TB * 
is given in Table IV. 

nb E. L. Hint, J. K. N. Jones and W. G. Campbell, Nature , HI, 25 (1941). 

**" H. Moeimann and The Svedberg, Kolloid-Z 100, 99 (1942). 

E. Brauns, Science , 102, 155 (1945). 

■*“ C. L. Mantell, “The Water Soluble Gums;” Reinhuld, New York (1947). 
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(Chemical tests have been devised for the identification of some of the 
plant gums and similar substances. 46 

The polysaccharide's of seaweeds include gel-forming materials such as 
agar and carrageen mucilage (called gel uses by Tseng) and nongelliug 
materials such as alginic acid (u polyuronide) and laminarin (a pol> 
glueoside with l ,3' linkages). Although the red and brown seaweeds lm\e 
received some study, very little is known of the polysaccharide's of the 
green and blue-green seaweeds. Tseng has proposed the mime of pliyco- 
colloids for the polysaccharides deriveel trmn brown and red seaweeds and 
capable of forming colloidal systems when dispersed in w p ater. 07 In Fig. 3, a 

Table IV 


Appivximutt Composition of Some Plant Game 
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tative arrangement ol seaweed* polysaccharide is given Mb proposed bj 
Tseng. Some of these materials arc discussed in more drtail later. 

(him Arabic.'" This water-soluble gum, found on the bark ot members of 
the .trad'd species, particularly ol 1. Srmtjal Wilhl, has appreeinlilc in- 
dustrial importance as an adhesive, *<ize, thickenei ol liquids and st ihilizcr 
of emulsions. Medicinal uses include 1 its application lo soothe irritated 
tissues (demulcent action) and its substitution for blood transfusion in the 
treatment of surgical shock. Interestingly enough, the gum h produced only 
in hot, dry, elevated locutions. Although the trees flourish under other 

••M.B. Jacobs and L. Jaffe, Tnd. Eng. Chem , 1 mL Ed., 5 , 210 (1931). 
n V. K. Tseng, Science, 101, 697 (1045). 

'TT. B. Dispensatory, 1 1 p. 1 ; (22nd Ed.) J B Lippincott Co., Philadelphia (1937). 
V. F. Mason, Chem. Tnd., 55, 680 (1943). 
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renditions, it is staled that no gum is produced, The commercial gum may 
rontnin material from other plants, and its widespread origin is indicated by 
some of Ihr ninny synonyms used: African gum, gal am gum, Kordofan or 
Arabian gum, Senegal gum, Sudan gum, luishub gum, ctr. 

Arabic acid is prepared from the natural gum, which occurs us the cal- 
cium salt, by treatment with acid and precipitation from solution ns a 
result of the addition of alcohol. As determined by titration, the equivalent 
weight lies between 1,000 und 1,200. Complete acid hydrolysis produces 
galactose (29.5%), iwirubiuose (34.4%), L-rhamnose (14.2%) and an 
aldohiuronic acid (28.3%) composed of galactose and glucuronic acid.' 9 
The analysis corresponds 1o 2 moles of galactose, 3 of arabinose, 1 of 
rlmmuose and 1 of the aldohiuronic acid, approximately. Since Norman 
found no rluunnose in certain samples of gum Arabic, it would appear that 
the composition may vary. 

Mild acid hydrolysis removes the orubinose und rluunnose units as well 
a-. n disacchuridc, 3-1,-ara binose D-guluctoside, and leaves a resistant 
degraded peetie aeid-like substanee composed of gulartose and glueuronie 
acid in the proportion of 3 to 1. The composition of this degraded gum is 
demonstrated by the formation of 2,3,4,<)-tetrainethylgulartose, 2,3,4-lri- 
methylgnlurlose, 2, 1 -dimethyl galactose and 2,3,4-trinieth.vlglucunmic 
acid by the hydrolysis of the methylated derivative. Hiuee the relative 
moloeulur proportions of the four products are, respectively, 1 ,5,3 and 3, 
the basic repealing unit consists of nine galactose and three glucuronic 
acid units. "With the probable assumption of pyranose ringH, the linkages 
must ho ol the 1 ,3' and 1,(1' types. The large proportion of end groups 
necissitates a 1 (ranched structure with throe glucuronic acid residues und 
one galactose residue in the four terminal positions. Partial hydrolysis of 
methylated, degraded nrubic acid leads to the isolation of 2, 8, 4,2' ,3', 4'- 
lic'camethyl-((i-galuctose gliieurnnide) ; the degraded peetie acid gives 3- 
galncfoso galliot oside. The uldohiurouic acid must represent a terminal 
grouping Ijcenusc of the lack of free hydroxyl groups. If all the uronic acid 
constituents an* similarly connected, the uldohiurouic acids must represent 
detached side chains. The degraded undue acid eotdd then be represented 
ns a continuous chain ol galactose residues with J,3' or 1,1)' connections 
and w itli aldobiurouic acid side chains ns represented on page G34. 1 ** 

The structure of the undegraded arubic acid remains largely unknown 
although t lie degraded product probably represents an important basal unit . 
After direct methylation of arabic acid and sulwequent hydrolysis, methyl- 
ated r,-rhaninopyrauoside, i.-nruhinofurnnosides and 3-arahinofuranose 
guluetopyrannsidc are found among the products of hydrolysis. The isola- 

" O. L Hutler and I,. II. Cratcher, J. Am. Chem. Sue., SI, 1519 (1029). 

10,1 J. Jarkncm and P. Smith. J. Chem. So e., 74, 79, (1940). 
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tion of methyl S.^dimethylglucunmide from throe hv d roly tie products 
indicates that the uronic acid residues ol the undegraded nlginic acid may 
not always aet as end groups; instead, the side ehains may l>e lunger, or 
groups other than galactose units may l>e found in the muin ehains The 
complexity of the produels of hydrolysis, how cut, make the isolation and 
quantitative measurement of the components an extremely dillieult 
problem. 1 101 

Meaqmle Gum. This gum, which provides uu excellent source of L-arabi- 
nusc, exudes from the stems and branches ot small thorny shrubs or trees 
(Protopi* jnHlhtm IK 1 ) griming in the southwestern Tinted States. In 
general properties and composition, it resembles gum arabic. The natural 
product, a salt, is converted to an arid by aciilihcntion ol gum solution^ 
and precipitation ot the* gum acid with alcohol. Analysis of the arid revi als 
the following constituents and proportions: l ara binose (4 moles), n- 
galactose (3 moles) and methylglucuronic acid fl mole), By mild acid 
hydrolysis, the L-urubinosc portion of the gum is selectncly removed, and 
a resistant residue composed of galactose and uronic acid units remains ,I,M 
According to analyses by White, U,J the coni|>oMtiuii of the gum is letter 
expressed by the ratio: 4:2:1 for arabinosc:gahictnse:urouic acid. Methyl- 
ation studies cm the un purified gum slum Lhal se\ou residues are present in 
a regaling unit. Of these, one methyl uronie acid and one ainbinosc unit 
occupy end positions. The remaining arubinose units have 1 ,2 linkuges, 
whereas the galactose units arc substituted in both the 3 anil (i positions. 
Hence, the material is highly branched. 

Gum ( rlmtti. (him ghatti (Indian gum) from an Indian tree 1 (Anoycmm 
latifolia , Wall) np]>ears to l>e similar in composition to mesquite gum 
although the uronic arid component has not Imh-ii positively identified. The 

F. Smith, J. Chum. Hoc., 1035 (1040). 
in E. Anderson and L. Otis, J. Am. Chm. Sttc., 6£, 4461 (1930b 
m E. V. White, J. Am. Chem. Soc. t 68, 272 (1946). 
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molecular weight determined oamometrirally is reported to be 1 J ,80O. 1M 
(!um ghatti finds application in pliarmacy for the same uses as gum arabie. 

Gum Trayacanth. A gum exudation produced by shrubs of the genus 
Asltagalua (order, Lcyutnino&ae) and found in the Middle Bast and south- 
western Europe is known as gum tragacunth. The gum is very heterogeneous 
in composition. 10 * It contains an acidic carbohydrate material (tragacanthic 
arid), a neutrul polysaccharide and prolntbly a glycoside. 1 " h 

Alcoholysis of the methylated tragacontliic acid and fractionation give: 
methyl 2,3,4-trimethyl-a-L-fucoside (I), methyl 2 , 3 , 4-1 rimethyl-D-xylo- 
Hide (II), methyl 3 , 4-dimethyl-n-xyloside (III), methyl ester of methyl 2,3- 
dimethylgaliwtofuriu'oiiide (IV), and methyl ester of a methyl monomethyl- 
galacturonidc (V). The fucose (I) and xylose (11) residues represent terminal 
groups since they an 1 iully sulwtituted. Home of the xylose residues (III) 
must l>e involved in 1 ,2'-]inkoges, whereas the galacturonie acid residues 
may have 1 ,5', 1 ,6' or more probably I ,4' linkages, 

The neutral polysaceharirle contains i.-urabinose and D-galactose. 107 
Mcthvlation studies shew that it must Ik* highly branched and that the 
jirabinose residues lime a fumnoNP structure. 

Carol) Betw Gum. The l)can ol Ctratania nihyua L., which is found in 
regions adjoining the Mediterranean, is used as a food under the name of 
St. John’s bread. It yields n gum, called locust l>ean gum, carob l>ean gum 
or earoubine, which has considerable commercial value as a size for textiles, 
and as a component of mucilage, pharmaceuticals, cosmetics, etc. Sub- 
sequent to the early investigations by EtTront and other workers, the gum 
was shown to consist of mannose mid galactose residucs. ,,H The composition 
ol this material has been extensively studied bv Lew and (iortnrr. 10 " 

Mannose (determined as the hydrnzonc) and galactose (determined by 
nidation to inueic acid) were found in the hydrolyzates in the proportion* 
of 3 I to 1. Tronic acids, pentoses, ketoses and glucose could not lie idon- 
lified in the products of hydrolysis and seem to lie absent. When the gum is 
treated with 0.2 .V hydrochloric acid at 100°(\, the galactose components 
arc selectively removed, and a residue is left which contains only mannose 
units. This evidence may Ik 1 interpreted as indicating that the gum is a 
heterogeneous mixture of a inanimn and a gulactan or that the basie chain 
consists of a series of inuniiose n*sidues connected to a series of galactooe 
residues. 

»■ J). lianua ami K II. Shaw , Jr., ('hem. Abut., M, 3386 (1942) 

M See: <\ O'Sullivan, J. Chem. Nm., 7V % 1164 (1001). 

l9k H. P. James and F. Smith, J Chau. St*., 736, 746 (1645). These articles aleo 
discuss the earlier work. 

IST S. P. James and F. Smith, J . Chem Sue 746 (1945). 

m E. Bourquclot and IT. Hdriasoy, Compt . rend.! 1M9 , 228, 301 (1S99). 

,M B. W. Lew and R. A. Gortner, Arch. Biochem., 1, 325 (1943). 
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During oxidation of tlic gum with periodic arid, one mole of oxidant is 
consumed per hexosc unit. Only 1 ,4' or 1 ,2' linkages are compatible with 
thiB result. A 1 ,0' linkage would result in two moles of oxidant being used, 
and a 1,3' linkage would require thut no oxidation take place since no 
unsubstituted glycol groups could lie present. Inasmuch as the sldehydeR 
produced by the action of periodic acid are oxidised to D-gJyceric and 
tartronic acid, the principal polymeric linkage must l>c of the 1 ,2' type. 
The direction of mutarotation of the products of hydrolysis of the gum aud 
of the residual manuan indicate that the golactoside connections have the 
nlpliA configuration and the munnoside connections the beta configuration. 

A material having u composition similar to that of carol) bean gum occurs 
in the endosperm or seeds from an Indian forage plant known as guar 
(Cyamopitis proralaidrs or C. tetragona). The material shows considerable 
promise as a beater size in paper manufacture. 110 

Endosperm mucilages from the following plants contain manno-gulac- 
tniis 111 : 


% U&IaiUd 


Woum» 

(Junr (Cytimopms sp.) 31 34 

jjnriiflt bran (Cirnlonin silit/un) 20 

lloney lorust ( Gleditsia tnancantlws) 2li 

Flame tree (Delon ir regia) IK- 10 

Keutueky eoflFee bran (Gyinnoclndus thmeu) 26-27 

Palo venle (Cncidmm ton cyan um) 21-22 

Tara ( Cat t inlpin]n spirum) %\ 

lluizarlie (Cacsnlptma tarnhea) 27 

Sophora japon tea Hi 


Tlu* remainder of these mucilages consists essentially of mannose residues 

Agar . "Agar i* the dried mneilaginou: substance extracted from Udidiinn 
ronwin) (Hudson) Lamnuruux mid other species of Grlidnnn (Fain 
Gedtluicpor) anil closely related Algae (( ’lass Rhodophyceae ) ,lz ” (six Fig. 3). 

Many sea weeds growing along the coasts of the (Jarolinas, Florida, 
California and southern Asia contain an ext met able carbohydrate known 
under a variety of names: agar, agar-agar, vegetable gelatin or glue, 
Japanese isinglass, ete. In order to obtain the material, the sun-dried sea 
weeds are boiled with water, and the extracts an* filtered through coarse 
cloths and poured into shallow pans to cool and solidify. The property of 
agar of forming gelatinous solutions is widely utilized in the preparation of 
semi-solid cultural media for growing hacteriu, as a component of emulsions 

110 B. W. Howland, Chtmurgic Digest, 4, 3(50 (1016). 

111 L. E. Wise* and .1. W. Appling, Inti Eng. Chem., Anal. Ed., JG, 28 (1014). 

111 lf U. 5. Dispensatory/’ p. 88 (22nd Ed ); J. B.Lippincott Co.,JUiiladelphift (1937) , 
see also: C. K Tseng, Scientific Monthly , 58, 21 (1044). 
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(including photographic emulsions), in foodstuffs as a thickener, and in 
adhesives and sizes. Its use as a cathartic depends upon its indigestibility 
and the swelling which takes place in the presence of water. By virtue of 
those properties it passes into the intestines where swelling takes place, and 
the hulk of the intestinal contents increases. 

In addition to D-galartose, the hydrolysis products include the enantio- 
morphnus L-galactose and sulfuric acid. Agar apparently exists as the cal- 
cium or magnesium salt of the sulfuric acid ester of a polysaccharide con- 
sisting of i>- and L-galactose units. 1 " 

Agar may lie ucetylated by the pyridine-acetic anhydride method. The 
acetate on methylution and hydrolysis yields 2,4, (i-trimethyl-D-galaetose, 
the unique 2-me(liyl-. , l,6-anliydro-L-galactose and no tetramethylgalac- 
tose. 114 From the well known tendency of sulfale esters of the sugars to 
yield unliydro rings on hydrolysis, it would seem probable that the anhydro 
derivative is a secondary produrt due to removal of the sulfate group 
during motivation. This origin of the auhydro derivative receives support 
from the formation of 3,0-nnhydrogalartose from inethyl galactoside 
(•-.sulfate as a result of alkaline hydrolysis. 1 " Acid hydrolysis uf the ga- 
kirtoside, however, proceeds without anhydro formation. Percival and 
Thomson believe the unhydro-i.-galart osc may lie a constituent of agar 
since its quantity is larger than run lie accounted for by the sulfur content 
of the agar used. The presence of blocking groups in all three positions of 
agar is supported by the eomplctc resistance of the substance to the action of 
periodic acid. 1 " If position 3 as well as 2 were unsubstituted, the glycol 
group would lie oxidized. 

The most probable structure for ugar, based on the evidence cited, 
im oh os u chain of D-gukirtupyranoNc units connected through i ,3' linkages 
and with u single L-gulurtopyranosr unit at one end. 114 The L-galactose 
residue is connected through the hydroxyl of carlion 4 with the first carbon 
of the adjacent o-galnetopyrunnse unit and enrries a sulfate group at 
carbon (i. 


1-3' l'-3 1-4' 

n KularloM* (n ftulacliiHtOi L-Kalnrloflr G-buIIaLp 

(liasic* rf'iM'iiling group of agar) 

W. F Iloilo tun ami It. V dorlnrr, ./. tiiol. Chsm., Ci 9 371 (1025i;N, W. 
l’li ii*, n toe him. j., m, rom {\m) 

1. A. Pin hen anil K. (i. V. IVrrival, ./. Chtm. Sur. } 1 S46 (103d); W. (1. M. Jones 
umlH IVal, fhitl., 225 (1942). 

IIfc K (}. V. IVm'vul ami T (5. II. Thomson, J. t'km. AV, 750 (1042); JO. C. V. 
I Vr nival, 164, 073 (101-1 ) 

J,i V C Harry, T Dillon ami W. McdHlrirk, J. Vhem 1X3 (1042); V. (\ 
Harry ami T. Dillon, t'hemihinj & Indufttn/, 167 (1944). 
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•Tones amt Peat considered that the repeating unit contains ten hexuse 
units. Harry and Dillon found much less sulfur than is required by the 
Jones and Pent formula and ticlicvc that the complete resistance to periodic 
odd may he explained by the presence of Home 3 , (5-iinhvdro linkages in the 
unit* connected by 1 ,4' bonds; they found that the agar chains have a 
minimum length of 140 units, whirh result corresponds to the sensitivity 
of the oxidation method. 

Although the presence of a molecule of L-gala close in the repenting unit 
seems strange, it is not difficult to devise a biological genesis. The sym- 
metry of the galactose molecule is such that u D-galactose 1 -sulfate (I) 
linked through carbon 3 to another galactose molecule could Ik? trans- 
formed by n simple oxidation-reduction reaction to the l, -galactose (5-sulfate 
(111 substituted at carlwn 4. 


It 

I 

HOG OHO II 

I 

HOOIl 

I 

Gal— 0011 

I 

noon 

I 

noon 


Il.COII 

(D 

(Aldeliydo fiirnO 


Oxidation at 
carbon 6 anil 
reduction at 
carbon 1 


11 

I 

no OHo.tr 

I 

noon 

I 

Gal 0011 

I 

110011 

I 

noon 

I 

110=0 

(in 


iro=o 

I 

1100H 

I 

noon 

I 

1100 Gal 

I 

noon 

I 

11,0 - 080,11 


Other polysaccharide sulfate esters have Ixvn descrilxxl. I'urrugmi 
mucilage," 7 extractable from Irish moss (('Iwndnix niaptia, u marine ulga), 
contains considerable quantities nl' the potassium and eulciiuu salts ol u 
sulfate rater and at least 30% consists ot a mixture of two gulaetuns. The 
gulactan linkage 1 is 1 ,3', nud the sullate grou|)s are at (’4. S-Ketoglueonie 
acid has Iiecn isolated from the hydrolysis products. 

Sea weed polysaccharides from Oigartina atrUatn fused in the preparation 
of "British Agar") and from Dilat'd rduli* appear lo hate many 1,3' 
galaetosidic linkages and also sulfate* groups at enrlion l. m 


1,7 P. Hook, Bioehem J., IB, 468 (1921 );M. R. Duller, ibid., 29, 769 (1031); T. Dillon 
and P. O’Oolla, Nature, HB, 749 (1940); K. G. Young and F. A. 11. Rice, J. Biol. Chcm., 
IBB, 781 (19441; J. Hurhannan, E. E. Percival and E. G.V. Pereival, J. Chcm. Sor., 
SI (1943). 

**• E. T. Dewar and E. G. V. Percival, Nature . 156, G33 (1945); V. O. Barry and 
T. Dillon, Pro r. Roy. Iriih Acad., BOB, 349 (1046); Chem. Abel., Ifi, 3728 (1946). 
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Iridophycin , a giilaclan sulfate from the marine alga Iridea laminari- 
aides, may consist of a chain of galactopynmoHe residues connected through 
the 1 ,4' positions u ith each residue csterified at position (i hy u molecule of 
sulfuric acid. 11 11 

Several polywiedrarideh other than agni also contain L-galadose os a 
constituent . Anderson 120 notes its presence among the hydrolysis products 
of linseed mucilage uiul suggests this mucilage as a source for the sugar. 
Snail galaotogen, previously discussed, yields the sugar on hydrolysis. 

Table V 

Classification of Polysaccharides Found Associated with Proteins 

I. Mucopolysaccharides. 

A. Having uronic acids as a constituent. 

1. Not estorifiod with sulfuric acid. 

а . Polysaccharides of vitreous humor, umbilical cord, synovial fluid, 
group-A hemolytic streptococcus. 

б. Some bacterial polysaccharides (for discussion nee under B, 2). 

2. Esterified with sulfurir acid. 

a. Chondroitin sulfuric acid. 

b. Mucoitin sulfuric acid from cornea and gastric mucin. 

c. Heparin. 

B. Neutral mucopolysaccharides. 

1. Chitin 

2. Many bacterial polysaccharides. 

3. Blood and gastric polysaccharides. 

II. Glycoproteins. 

A. Ovonmcoid-a (ovomucoid). 

B. Ovomucoid -0 (ovomucin). 

C. Serum mucoid, serum glycoid. 

D. Egg white, serum and thyroglobulins. 

E. Pregnancy urine hormone. 

C. Polysaccharides Associated with Proteins and, or Microorgan- 
isms . 121 121 IJJ Tliih group of pohnuceharidoh ih of groat biological im- 
portance, 1ml Ix’cauho ut their complexity the) huve not received enough 
investigation, except in a fen iindancCM, to make it possible to present very 
definite Mruelimv. With the principal exception ut the bacterial levans. 
dcxtiuns, etc. am I ui ehitin, polyhacehariden of the group under considera- 

W. Z. Hassid, J. Am . C 'hem Sue., 67, 2046 (1935). 

E. Anderson, J. Biot. Chew., 100 . 249 (1933) 

15,1 K. Meyer, Cold tipnng Harbor Symposia Quant. Biol., 6, 91 (1938). 

i* A. G. Norman, tor. cit. lu , p. 197, T 11. Evans and II Hibbert, Advances in 
Carbohydrate Chem., 2, 203 (1946). 

«*M. fitacoy, Chemistry dr Industry, 82, 110 (1943); Advances in Carbohydrate 
Chem., 2, 161 (1940). 
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lion usually yield several types of monosaccharides on hydrolysis and 
frequently also amino sugars and uronic acidh A tentative scheme for the 
classification of these* polysaccharides, present ed by K. Moyer, is repro- 
duced above (Table V) with several modifications and is followed in the 
sulMPqucnt discussion. M. Stacey has presented a similar but more de- 
tailed scheme. Two main subdivisions are established: the mucopoly- 
saccharides, which occur in nature as free polysaccharides or as easily 
dissociable salts of proteins; the glycoproteins, which liave the polysac- 
charides combined with proteins through stable (covalent?) linkages. 

A method for the qualitative ami quantitative estimation of the mono- 
saccharide constituents depends on the miction of nrrinol or rarbazole with 
the products of hydrolysis by strong sulfuric acid solutions. 184 Colored 
products are formed which by photometric procedures can be used fm 
the quantitative and qualitative determination. 

D. Mucopolysaccharides. M nrnpaly media ride* (\ whining U tonic Arid « 
and Free of Sulfur. A substance culled hyaluronic acid has been isolated 
from vitreous humor, umbilical cord, synovial fluid, (iroup A hemolytic 
streptococcus anil certain tumors. 1 ** On hydrolysis it gives equimolceular 
proportions of glucosamine, glucuronic acid and acetic acid. An enzyme, 
occurring in hemolytic streptococcus*, and in the uveal tract ol the eye, 
hydrolyzes the polysaechariile In glucuronic acid and N acelylglucos 
amine. 1,M II seems lo be similar nr identical to DuImj^’ “aulolytic enzyme 
of pneumococcus" which autolvzes all type- ol pnemnococei but does uol 
ad on the type-specific polysaccharides. \ substance similai to h.valuromc 
acid, therefore, is probably to 1 h» I niiiul in imeumoeom ol all typos. 1 " 
Proteins with basic amino grmi|>s form salts with hyulurrmir acid, and 
these are precipitated at acidities greater than those at the isoelectric 
points of the proteins alone. The occurrence of this polysaccliaride in 
synovial fluid, vitreous humor and hemolytic streptococcus is of interest 
since inflammatory conditions in joints and in the eyes arc often associated 
with streptococcus infections (e.g., rheumatic fever). 181 

The sulfurie aeiil ester of hyaluronic acid has Ijccii isolated Jroin cattle 
corneas. 12 6 

Afucopulymcchandvts Vonimnituj Uranic . I rids and Esivrijted with Sul- 
furic And . The most important menilxTs or this group are cbondroitiu 
sulfuric acid, mucuitin sulfuric acid and heparin. (Ihondroitin sulfuric acid, 
isolated from cartilage, yields on hydrolysis approximately cquimulecular 

114 M. Sorensen and G. Haugaard, Biochrm. Z. t 960, 217 (1933); 8. Gurin and D. B. 
Hood, J. Biol . Chem , ISO, 775 (1941). 

IU K. Meyer, E. M. Smyth and M. II. Dawson, S cutter, 86, 129 (1938); F. E. Ken- 
dall. M. Ileidelberger ami M. Dawson, J. Biol. Chm , 1/9, 01 (1037); E. A. Kabat, 
ibid., 130, 143 (1939). 

1M K. Meyer and E. Chaffee, Am J. Ophthalmol., OH, 1320 (1940J. 
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quantities of 2 -dcsoxy- 2 -aminogiilautoH 0 (chondrosamine), glucuronic add, 
Milfuiic acid and acetic acid.'*” Partial hydrolysis gives a nitrogenous aldo- 
biuronic acid, elumdrosin, for which Levene has suggested the following 
formula: 


H 

H NH, H OH 

.Neither the position of the galaclosidic linkage nor its configuration has 
liorn determined. Molerulnr weight determinations (eryoscopie and dif- 
Insion methods) have given uncertain values, but the molecule probably 
coutains two ahlobiuronic acid units. 1 * 7 A methylated degraded chondroitin 
of low molecular weight and free of sulfate groups has been prepared. 111 
Acid methanolyais produces derivatives of glucuronic acid and 2-desoxy-2* 
e min ogala close; am eng the products are methyl 2,3, 4-triraethyl-a-gIu- 
enronide and methyl 3,4, U-trimcthyl-2-dosoxy-2-aopt ylaminogala ctoaide. 
1 lence, the rej voting unil probably him a branched structure such as : 

X-Bi'plyl 

Klucuroiiie acid 2-dPHO\v-2-ainino-galHClOso 

alui'uniTiic acid 

VN'licu neutralized solutions of elumdroit in sulfuric acid are mixed with 
solutions of proteins (c.g., gelatin, egg albumen) and acid is added, pre- 
eipitation takes place. Titration of the precipitate shows that both acid 
groups oi the chondroitin sulfuric acid arc combined with basic groups of 
(he proteins. Frequently, these complexes may be broken up into protein 
uud arid by the addition of inorganic salts. 

A polysaccharide, similar to chondroitin sulfuric acid but containing 
2-deso\v-2-iuninoghicusc (glucosamine), is found in gastric mucosa and 
cornea and possibly in other sources and is eulled mucuitin sulfuric 
acid. 8 ’ IJ4u The proportion of sulfuric acid present depends on the process 
Used ; alkaline procedures gi\e products with about one-half mole of sul- 
furic acid, and neutral procedures products writh alxiut one mole of the 
acid per uhlohiurouic acid unit. 

J\ A. Ijcvcnr, “lioxoHamincB And MuooproteinB;” Longmans, Green & Co., 
London (1025); P. A. Lcveno, J. Biol ('hem., HO, 267 (1641); K. Meyer and E. M. 
Bmylh, J. Biol. Chcm., 119, 507 (1937). 

1,7 1). FOrlh nnd T. Bruno, Bwchcm. Z., m, 163 (1637). 

1,1 It. (J. Bray, J. E. Gregory and M. Htacey, Biochem. J., 58, 142 (1644). 
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Heparin. 1 ** An important polysaccharide* derivative called heparin, found 
widely distributed in animal tissues, is on effective inhibitor of blood coagu- 
lation. Although the structure has not been well established, heparin ap- 
pears to l>e the sulfate ester of a polysaccharide which consists of acetylated 
glucosamine and glucuronic acid residues. It has l>ecn claimed that the sul- 
fate groups arc* mainly responsible for the anticoagulant properties, for 
sulfate esters of other polysaccharides and organic compounds exhibit 
similar but less pronounced action. Polysulfates of chondroitin and cellu- 
Iohc have relatively strong anticoagulant activity which however is less than 
that of heparin ; the romimunds also are more toxic. 130 

Wolfrom and MrNecly, 131 however, have shown that one of the nitrogen 
atoms of heparin is particularly significant. Thus, mild acid hydrolysis in- 
activates heparin at flip same 1 rate as nmino groups (by Van Rlyke analysis) 
are produced. 

The rodium salt is recommended us a sul>stitute for citrate in transfusions. 

Neutral M ucopolymcrharides. The first member or this group, ehitin, 
has been discussed earlier in this chapter. 

E. Bacterial and Fungal Polysaccharides. Polysaccharides produced hv 
microorganisms are found as soluble or insoluble products (gums) in the 
culture solution, as capsules surrounding the organisms, or as reserve or 
structural constituents of the cells. Many arc of particular interest as they 
possess immunological properties. Although some are luunopolysaccharidcs 
and are considered in detail earlier, general properties of the group will be 
considered in the present section. For this reason, those containing uronic 
acids are also included here. Table VI taken from Norman 1 * 2 m summarizes 
some of the products formed by the ,, gum ,, - ot ”slime”-produciug bacteria. 
For the yeast polysaccharides, see the discussion under dextrans and 
mormons. 

The organisms often are responsible for the “slimes” formed in carbo- 
hydrate solutions; the “slimes” or “gums” are mainly of carbohydrate 
nature. Some of these organisms arc* very selective in their action, but others 
are much less specific. The levan formers apparently require fructose as a 
sulwrtratc or a di- or oligosaccharide containing this sugar in n terminal 
position. Thus, sucrose (1 -glucose fructofu ran aside) aiul raflinose (gulac 
tcwe-ghicosc-inietosel are utilized by the organism^ while lnclczitosc (glu- 
cose-fructose-glucow*) is not. Kvcn more marked s]ieei(ieit> is shown by 

J. E JorppH, /. phyxiol. Chun., 27 8, 7 (1943); K. ("hargaflT and K. W. Olson, 
J. Biol CJhein., H2, 153 (1037); W. II. Howell, Am. J. Physiol., 9, J, (1912). 

110 P. Karrer, IF. Koenig and E. listen, Helv. Chim. Acta, 98, 1290 (1913). 

lu M. L. Wolfrom and W. H. MrNeely, J. Am. Chem Roc., 87, 748 (1045); M. L. 
Wolfrom and F. A. H. Rice, ibid., 88, 532 (1946). 

m A. G. Norman, loe. cii., 7U p. 197. 

IU Bee alBo: F. C. Harrison, H. L. A. Tarr and H. Hibbcrt, Can. J. Hesearck, S, 
449 (1930). 
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IjcuconoBioc spopies which synthesize dextrans from feu Prose but not from 
glueoHc. 1 ’ 1, m Other organisms arc not nearly so specific and form mannans 
and galactans from glucose, etc. The structures of several dextrans and 
Irvans are considered in more del ail earlier in this chapter. 


Table VI 

JAst of 11 Gum-forming u Bacteria 
(after Norman) 

"(iiim” Producinu BarleiU j 

Clostridium yclatiyenosum 
Semiclostridium contmuru 
Bacillus laevanif vrmans 
11 lactis 
11 megatherium 

11 mcsenfcrtcti* 1 

n sub tills 

11 milgalus 
11 pants 
11 ruminatw 

rirvrlomonas pruni i 

11 pr unicola 

Bacterium eucalypti \ 

Lt uconostoc mesmtcroidrs 
“ dextrfrnicm 

Micrococcus vi scorns 

11 Qclalinnqcnus 

Bacillus gummosus 
11 pants viscosus 
Bacterium atherstonn 
n succhari 

Uhizvbnan limosospongtac 
Bacterium acaciar 

" metarabinvm 

'* para robin um 

Bacillus htzemieniewt tit i 

Acftobactcr xyhnum 
11 zylin antes 


Gun Type 
Levan 

ii 

tt 

u 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 


Dnxtran 

ii 

Ii 

II 

Ii 


Gal act an 

ii 
1 1 

\ra bo-gal ac tan 
ii 

ii 

Mannan 

Cellulose 


An intf'icbtiug polypi ruliuride from the mold Pcntcillium luteum is luteic 
acid which han been shown to bo the half-ester of a polysaccharide “luteose” 
and mulonic acid. Luteose consists of glucose units polymerized through 
1 ,6'-Iinkuges. Alkaline hydrolysis of luteic acid gives a molecule of malonic 
acid tor each two glucose units. 1 " 

*»* IL L. A. Tarr and H. Hibbert, Can. J. Research, i, 414 (1931). 
w II. Raistrick and M. L. Rintoul, Tran*. Royal Soc. (London), BMO, 265 (1931) j C. 
a. Anderson, W. N. Haworth, H. Raistnck and M. Stacey, Bioehem. J., 88 , 272 (1939). 



644 


CHEM1BTBY 07 THE CARBOHYDRATES 


I mmwio-polyftaccharidrx. An important advance wan lerordcd in car- 
bohydrate and immuno-chcmistry when it was reported by Dochez and 
Avery 1 *' that pneumococci form readily soluble substances which diffuse 
into the culture medium and whirh were identified by IIeidcllx*rger and 
Avery as polysaccharides responsible for the immunological specificity of 
these bacteria. These polysaccharides arc found in the blood and urine of 
pneumonia patients. Kulwcqucntly many other bacteria were found to pro- 
duce immunologically specific polysaccharides. For a more detailed discus- 
sion of immunological reactions particularly of the simpler synthetic sub- 
stances, see Chapter IX. Some of these polysaccharides arc antigenic and 
are capable of producing antisera in the animals into which they are in- 
jected. Others, however, act as haptenes and although they precipitate 
antisera evoked by the whole antigen, they are not complete untigens them 
selves. 1 " 

Many different strains ui pneumococci are known. The various strains 
numbering at least 10 type's, art' differentiated on the basis of their im- 
munological reactions. 1 *’ The capsules of the bacteria and the culture solu 
tionn contain polysaccharides which lime liven shown to Ik* the type-specific 
substances. The general composition and properties of the polysaccharides 
of 32 pneumococcus types have been investigated l»v It Miuwn 1 " Ten 
types arc essentially free of nitrogen ; ii maximum nitrogen content of 4 to 
5% is found in polysaccharides of types 1 ,4 ,5,12 awl 25. Type 1 polysac- 
charide contains 2% amino-nitrogen, but the othcis contain ^ eiy little if 
any nitrogen in this form. Thirteen of the 32 tv|>cn lm e phosphorus asso- 
ciated with the polysacrhuridcs. Types 28 and 32 contain as much as (>% 
phosphorus, and in 12 others the phosphorus content exceeds 3% Acetyl 
groups are also associated with the polysaccharides, and analyses show 
that the acetyl content lies between the value of 0.32% foi type 3 
and 1G.33% for type 11. With the exception of type 23, all the polysac- 
charides are optically arrive, 25 Ixing dextro-rotatory and 7 levo-rotntorv 
Except for type 5, none reduces Fchling solution under mild conditions. 
Color tests for uronic acids are positive for ty]N*s 1 ,2,3,8,9,12,22,25 and 
27. Although the dimethylaminolienzaldehyde test for amino acids is nega- 
tive for all of the polysaccharides, it is given after aeid hydrolysis strongly 
by 17 types and weakly by 3 more. Homologous immune Rerums are pre- 
cipitated by all of the polysaccharides in dilutions os high as 1 : 4,000,000. 

In later work, the dextro-rotatory type 33 polysaccharide was found to 

A. R. Dochez and O. T. Avery, J, Exptl. Med., 98 , 477 (1017); M. Jloidelberger, 
and O. T. Avery, ibid , 88, 73 (1023). 

,M II. Raietrick and W. W. C. Topley, Brit. J. Expll. Path , IB, 113 (1034). 

■w W. C. Boyd, “Fundamentals of Immunology;” Inlrrecinicr, Now York (1043) 
"E. Brown, J. Immunol , 37, 445 (1030); Chrm Ahst., 88 5X81 (1042) 
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Ik' a uronir arid derivative containing 1.06% nitrogen, 11.2-1% acclyl 
groups and no phosphorus. 

The constitution and structures of the pneumococcal polysaccharides 
have been extensively investigated by Avery, Goebel, llcidrlbrrgrr and 
associates. 140 The type 3 polysaccliAride has received the most study. It has 
an unusual structure consisting of alternate ghicopyranosc and glueuronic 
acid residues. The glucosidir linkages are most easily hydrolysed by acids so 
that a high yield of an oldobiuronicacid is obtained. Methylation studies 141 
carried out with the polysaccharide and the disaccharide show that the 
polymeric linkages alternate between the 1 ,3' and 1 ',4 positions. The link- 
ages probably have Ireta configurations. (The primed numbers refer to the 
glucuronic acid residues and the others to the glucose residues.') 

1,3' r,4 i.y 

gluropyriuinse- - glucuronic wid gluropyranoso glucuronic arid 

P P P 

11 has been shown that the heternphyle antigen of pneumococcus (type 
1) is closely related in stmeture to the corresponding cellular polysac- 
charide. Although extremely resistant to hydrolysis, it yields aftei acid 
hydrolysis about (i% of a fatty arid of fairly high molecular weight and 
apparently thp cellular polysaccharide. 1 

Other bacterial polysaccharides liavr also been investigated. 'Hint formed 
by H. dyaenUrine yields after acid hydrolysis 5)7% of a reducing sulwtanee 
( calculated as glucose). It contains 1.7% nitrogen. 5% acetyl and lias an 
acid equivalent of 9000. Since nitrogen is not lilieiatrd by the action ol 
nitrous acid, the amino groups are probably arrtylatrd. ( Jnlaclosc 06%,), 
L-rliamno.se (7.5%) and a N-aeetylamino sugar (25%) arc among the hy- 
drolysis produets. ,n Tulxrrlc bacilli polysaccharides on hydrolysis give 
mannose and possibly i,-arnbinosr and glueose in turiahir proportions. u> 
Equivalent quantities of galactose and glucosamine are produce*] by the 
hydrolyHiH of the polysaccharide from the anthrax bacillus, and the tun 
constituents moke up 08% of the intact polysaccharide, which also contains 

1(, M. Jleidelbergcr, F. J£. Kendall and H W. iSrhcrp J. Mxptl. Mctl., 04, 550 
(1936). 

,u H. E. Hooves and W. F. Goebel, J. Biol. Chon , ISO, 51 1 (191P 

IU W. F. Goebel, T. Bhodlovsky, G. I. Lavin and M. II. Adams, J. Biol. Uhem,, 
148, 1 (1M3). 

ul W. T. J. Morgan, Helv. Chun Ada, tl, 46(1 (1638). The serological specifieity 
of various strains have been studied by: N. N. Spassky and L. A. Danenfeldt, Bull, 
biol. mid. expll., U.R.S.S., 7, 202 (1939) 

»« R. J. Anderson, R. L. Peck and M M. Creighton, ./. Biol. Chnn , ISO, 211 (KMO); 
A. E. O. Monsel and M. Ifeidelbergcr, i bid., 1i7 , 221 (1939). 
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acetyl groups. 146 A polysaccharide isolated from diphtheria bacteria con- 
tainb bound galactose and probably D-arabinose and chondrosamine. 146 

The specific polysaccharide of type-JI Hemophilus influenzae gives a 
positive test for uronic acids and has the following analysis: N, 0.3%; P, 
8.64% (mostly organic) ; ash, 27.4% ; and reducing power as glucose, 0.0%. 
With immune horse scrums, specific precipitation occurs in dilutions as high 
as 1:35,000, 000. 1IT 

The polysaccliaride produced by the fungus Coccidioidvs immitie gives 
positive preeipitative reactions with antisera. On acid hydrolysis, it yields 
glucose, galaeturonic acid and unknown sugars. 148 

Blood Polyeacchandce. Certain polysaccharides which have l)ccn isolated 
from the blood and urine are related to the blood types of the animals from 
which they are obtained. 1 w The specific polysaccharides obtained from 
individuals Ix'longing to groups II (A) and 111 (B) are active haptenes and 
combine with the a- and ^-agglutinins of human blood scrum. The mono- 
saccharides tunned alter acid hydrolysis include N -acetyl glucosamine, glu- 
cosamine, mannose and galactose. l-Fucohc aLso lias limi identified. Since 
it is isolated as the trimelhyl derivative, it appears to lie present in the poly- 
saccharide in a terminal position. Removal of the acetyl groups from the 
group-A polysaccharide results in a loss of haptene effect which is regained 
after reacetylation. 

Capsular pneumococcus polysaccharides are sometimes tound in the blood 
of pneumonia patients and their presence usually indicates a severe infec- 
tion. ,6U The blood group-A specific substance precipitates the antibody ol 
type-14 antipneiimocnmis horse serum. Both the lype-14 polysaccharide 
and the blood si distance are composed of galuctosc and aeetylglueosamine 
(in the ratio of 3:1 ). ami the precipitation n probably the result of a close 
structural relationship lietwcen the two substances. 181 The presence of 
munnusc could not l>c demonstrated. A neutral complex of a polysaccharide 
and an amino arid, apparently identical with the blood group-A subHtanee, 
is found in commercial gastric “mucin . ft} - 1 ,H 

F. Glycoproteins. The carbohydrate component of egg albumin is oh- 

115 ti. IvAiumL'n, X. ImmunitaU., 07, -gtJ (1040). 

Mi K M. Gubarev, Biokhinnya, 7, 180 (1042); Chcm. Abut., 98, 112 (1944). 

17 J. II. Dingle mid L D Fullicrgill, J Immunol., 97, 53 (1939). 

48 W Z. Hass id, K. E Hater ami It M. McCready, J. Biol. Chem., H&, 303 (1013). 

141 A. V. Htepanov, A M. Kuzin, Z Makaeva and P. Kosyakov, Biokhimiya , 6 , 
547 (1940), 11. Bicrrv, H. (louzou and V. Magnan, Cmnpi. rend. soc. biol ., ISO, 411 
(1039); K. Fnnidenberg and H. Eichel, Ann., 518 , 07 (1935); H. G. Bruy, H. Henry 
and M. Stacey, Biochvm. J., 98 xxii (1944) 

180 S. C. Bukaulz. J. G M Bui Iowa and P da Gara, Proc. Soc. Exptl. Biol Med., 
4 /, 250 (1939). 

181 W. F. Goebel, P. B. Beeson and C. L. Ilnagland, J. Biol. Chen i., 199, 455 (1939). 

181 W. T. J. Morgan and Ff. K. King, Biochem. J., 97, 640 (1943), 
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tuned by enzymic digestion of ovomucoid with trypsin. It is reported to 
have a molecular weight of about 1200. On hydrolysis, mannose, glucosa- 
mine, acetic acid and galactose art 1 produced. 11 * Stacey and Woolley, who 
have investigated the structure by the methylntion method, report that the 
products of hydrolysis of the methylated polysarcharide are: N-acetyl- 
3,4,6-triincthyl-D-ghicosnmino (7 moles), D-mnnnosr f2 moles), 3,4,(i- 
trimethyl-D-mannopyranoHe (1 mole) and t cl m nicthyl-n-gala cl opyrnnosc 
(1 mole). The presence of free mannose indicates tlrnt the molecule is of tui 
unusual type* in which the mannose units occupy a central position and an* 
completely substituted by glycosidically bonded sugars. The other sub- 
stituents, except one mole of mannose, appear to orcupy terminal positions. 

The compositions of the other glycoproteins listed in K. Meyer’s classi- 
fication (p. 639) are still rather indefinite. The reader isrefcircdtothe orig- 
inal paper and to the renew by Stanev 1 '’’ for further discussions of ibcse 
compounds. 

“A. Ncubergor, Biochm. J., 39 , 1135 (1938); P. A. Uvene, J. Uiol. Cbem., W, 
279 (1941); M. Stacey and J. M. Woolley, J. Chem. 8oc., 181 (1940); 550 0 942). 
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migration of acetyl groups, 159 , 377 
naturally occurring, 463, 607, 619, 644 
ortho, see Orthoacetic esters 
oxime, 411 
licet ins, 610 


reaction with amines, 379 
starch, 572, 578 

Acetic acid, sec also Acetates and 
Aectylalion, 16, 105 
Acctoacclic ester, 
conversion t o ii, n-inaimitul, 240 
reaetinn with u glucose, 231 
Arftt)l>acLri suhoxidan* oxidations, 101, 
13J , 270, .344 

Acetobarfer Xyhmim, 101, 131, 602, 643 
Aeetylalion, see also Acetates, Ortho 
seetic esters, and individual who- 
lly drat es, 151 
aldonie acids, 297 
aidiydro rings, 277, 35!) 
catalysis, 150 
rellulose, 519, 552 

con version of o\ lines to nitriles, 122 
methylene eonijiounds, 224 
oximes, 111 
phrnylosazmicb, 407 
Acetyl migration, 159, 377 
A ret olmlogensugars, see Cilycosyl 
halides, acetates 

Acetone, derivatives of sugars, him* 
lsoprnpylidene 

pheny 1 hy d raz one , nionoace 1 yl di m 

troso, 108 

Arelylenc, reaction with glykitulB, 227 
\ cetyl glycrwyl halides, see (ilycosyl 
halides, acetates 
Achroie point, 590 

Acids (carbohydrate), we, Aldonie, Aric, 
Ascorbic, Koto, Sacrharinic, (Iron- 
ic Acids, etc., and individual acids, 
288 

Acids (mineral), him* also Furfural 
action on, 

altrose type, 110, 2 JO 
amylases, 584, 586 
5,6 - anhydro - 2,4 - benzylidetie I 
tosyl-sorhilol, 353 
ascorbic acids, 316 
n -fructose, 138, 216 
D-glucal, 370 
glycosylaminos, 377 
glykitnls, 351, 302, 360 
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Acids (mineral) (i continued) 
kelo acids, 312 

methyl 2-amino 2-desoxy-n-glueo- 
side, 418 

sugars, Bee alee alt rose and fructose 
above, 09, 134, 145 
uranic acids, 306, 308 
activation energy for hydrolysis, see 
Activation energ> 

condensation action ("reversion’ 1 ), 
71, 434, 515, 605 
effect on reactions, 
anhydro formation, 216 
dextrinization, 508 
disaccharide format ion, 434 
enzymic, 483 
glycoside formation, 101 
halogen equilibria in solution, 320, 
321 

halogen oxidations, 321 
hydrazone unci osaznuc formation, 
402,404 

mutarotalion, 63, 68 
soluble starrh formation, 560 
hydrolysis of 
aryl 0- glue "sides, 300 
cellulose, 530, 545 
glycosides, 202 
inulin, 605 

isopropylidenc derivatives, 229 
methylated starch, 574 
oligosaccharides. 437 
pectins, 600 

Schardinger devtrins, 503 
thiogluoosides, 472 
wood, 628 

stability of blocking groups to, 348 
Acids (organic iioncarbohydratej, see 
Acetal os, Benzoates, Esters, etc., 
reaction with rdlulose acetates, 
553 

Acorn, 268 

fr-Acritnl, see d,l -M annitol 
Acrolein, conversion to n, i,-arabitol and 
ribitol, 235 

Acrolein dibromide, condensation in 
alkali, 112 
w-Aorosc, 112, 239 
0 Ac rose, 113 

Acrylonitrile, reaction with 


cellulose, 557 
starch, 580 
Activation enorgies, 
in acid hydrolysis of 
glycosides, 202 

materials associated with pectins, 
608 

methylated starch, 574 
oligosaccharides, 437 
pectinB, 614 

in enzymic hydrolysis, 481-2, 486 
of pectins, 61 1 
inutarotation reaction, 64 
Activators,, in enzymic synthesis of 
starch, 595 

Acyclic derivatives, see also Aldehydo 
and Keto, 220 
acetals, 186, 220 
(liucet amide derivatives, 377 
niercaptals, 218 
oximes, 410 

hi rue ture of liydrazonea, 402 
structure of plicnylosa/onr seriates, 
407 

Acjt migration, J59 f J66, 351, 377 
Adenine, 388, 397 
Adenosine, 104, 3HJH), 392 
di phosphoric acid, 392 
triphosphoric acid, 392 
Adenylic arid, 391-2, 394, 396, 501 
Adhesives, 
agar, 637 

gum arabic, 631 J J 

oxidized st arches, 581 
starrh, 582, 597, 599 

Adipic acid, Irihydroxy, sec u-llalactaric 
acid, 3-desoxv 
Adtmis vernali *, 236 
Adonitol, see Ribitol 
Adonose, Bee u-Hibulose 
Adrenal cortex, hormone, 464 
Adsorption, 

amyl use on cellulose, 565 
in enzyme reactions, 481 
Adsorption analysis, see Chroinato 
graphic analysis 

AerobaciUus nmcnann, see Bacillus 
mace ran* 

Amtbacter aerogenes t 261 
Agar, 96, 214, 632, 636-7 
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Agglutins, 646 

"Aging” of cellulose xanthate ( viscose J, 
547 

Agluoone, boo Aglyoon 
Aglycon, 168 
Air, see Oxygon 

Alanine, glucose derivatives, 421-2 
Alcohols, carbohydrate, see Glykitols 
Alcohols, noncarbohydrate, 
glycosides of, 166 

glycosides of long chain alrohols, 122, 
195 

surface activity of, 199 
mutarotation of sugars in, 69 
rotation of alkyl 0-D-gluoosides, 86 
separation of starch components by, 
OHO 

Aldazines, 410 

Aldehydes, reactions with carbohy- 
drates, 186, 222 
A ideAyrfo-D-ar&binoso, 
diiBopropylidenn, 260 
hcxaacetate, 198 
tetraacetate, 1 53 
Aldehydo-D galactose 
pentaacetate, 152, 155, 164 
2,3,4, 5-tetraacetatc, 156 
AZdsAydo-n-gluoose , pentaacetate, 154, 
377 

Aldehydo-D-riboBB, tetraacetate, 154, 290 
Aldehydo sugars, 
acetates, 152 

formation from acetylatod glyco- 
sides, 198 

reaction with mercaptans, 219 
derivatives, 9-10 
glycosyl halides, 164 
methyl ethers, 153 

as intermediates in mutarotation, 67 
occurrence in solution, 68 
reaction with 
alcohols, 221 
dial omethane, 118, 153 
Grignard acetylides, 251 
Grignard reagents, 119, 260 
Aldobensimidasole, see Benzimidazole 
Aldobionio acids, seo also Aldobiuronic 
acids, Aldonic acids and individual 
acids 


for structural determination of disac 
charidee, 435 
Aldobiuronic acids, 306 
occurrence in 

chondroitin sulfuric acid, 641 
gum arabic, 633 
hemicelluloses, 623 
pneumococcal polysaccharides, 615 
Aldol condensation, 78, 111, 266 
Aldonic acids, 16, 290 
definition, 15 

degradation by electrolysis, 122 
epimeriz&tiun with alkali, 127, 295 
equilibrium with lactones in solution, 
10,292 
historical, 2 
identification through 
benzimidazoles, 136 
hydrazides, 381 
medical uses, 290 

optical rotatory relationships, 296 
oxidation, 28S 
by hydrogen peroxide, 121 
by oxygen, 336 
by periodic acid, 329, 331 
preparation, 291, 321 
by ryanohydrin synthesis, 116 
hy oxidation with 
alkaline copper, 342 
alkaline oxygen, 124 
bromine, 321 

chlorous acid oxidation, 328 
liypoiodite, 326 
microorganisms, 343 
nitric acid, 333 
from higher sugars, 124, 335 
reactions and properties, 297 
reactions with 
Grignard reagent, 119 
hydrazine, 410 

o-phenylenediainino, 136, 380 
reduction of, 

as esters and lactones, 299 
to aldoses, 117 
to glykitols, 117, 251 
relation to aldoees and aric acids, 3 
salts, 297 

separation of mixture, 117 
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Aldonic acid derivatives, 
acetates, 154 

2-amino, sec also (ialactosamiuir, 
(ilurosaininic, Mannosaminic acids, 
350 

aiihvdio, 353, 357 
anilideb, 38J 

hcnzumdasolc derivatives, 380 
dnBDxy, 70, 298 
estei,295, 297, 311,315 
hydranilrs, 381 

krto, see Ketci aldouir a rids and indi- 
vidual acids 

lactones, see Lari ones and individual 
aldonic acids 
ml riles, 411-2 
pnlvssr charities, 518 
salt b, 297 
thin enters, 117 

Mdniiyl clilnrules, 115, 117-8, 553 
AldoseR, see also under Alkalies, I'Jpi- 
ineiizalion, King structure and 
individual aldoses, 10 
configuration of uldnsc family, 38 
definition, 14 

r|uant it alive aiialyhis, 111, 320 
AUulfu (lucerne), 502 
Alfalfa liuv, licnncelluloHC, 020 
Mgar, marine (seancedii, kelps), 630 9 
alpiuic acid in, 010 
clashi Oration, 631-2 
mtluilol ill, 234 
L-fucose rroin, 107 
gala r tit ol in, 211 
ii-galartosidrs in, 471 
gel -forming carhoh\diatcs, 630 
liuuiiutiibinbc, J29 

n-iiiaiinose and inannosideh in, 170, 472 
fmhharrhiimlpH hi, 630-9 
sexual processes, cfTert id glycosides 
cm, 401 

sorbitol in, 237 
trehalose in, 452 
Algin, GIG 

Alginic arid, 010-7, 632 
Alizarin, 469 

Alkali cellulose, see Ollulose, alkali 
Alkalies, 
artion on 

aldonic acids, 127, 295 
aldoses, 71 


cleavage and polymerization, 79 
degradation, 124 
epimerication at C-3, 7 
formation of Harcharinir acids, 75, 
139 

inutarotation, 63, 68 
rearrangements, 126 
unknown products, 135 
aric acids, 302 
aryl j9-glucosides, 215 
cellulose, 536, 542, 544-5 
di saccharides, 430 

0 galacturonir arid, 311 
glycogen, 599 
glycosides, 199, 215 
glycoaylaminea, 385 
glyki tills, 351 , 362 
halogen equilibria, 32U 
ketoses, 71 

cleavage and polymerization, 79 
epimpri7ation at C-3, 7 
formation of sacchanuic acids, 75. 
139 

inutarotafiou, 09 
rearrangements, 126 
unknown products, 135 
maiidclonitrilp glycosides, 169 
mcth\l 2 amino-2 desoxy-ii-gUiro- 
side, 418 

X-acetylglurosamine, 119 
nucleic acids, 397 
oligoBarrharidcs, 200 
nxidized cellulose, 517 
starch, 517, 561 

methyl galactoside 6-sulfate, 637 
Ihioglyrosides, 472, 473 
thymus nueleir acid, 401 

1 noses, 80, 113 

uronic acid lactones, 310 
Lohry dr Bruyn and Alherda van 
Kkenstein transformation, 7, 72 
oxidations in presence of, see Copper, 
Oxygen, Silver 
polymerisation of 
formaldehyde, 11 1 
lower sugars, 112 
methoxyaeetaldehyde, 115 
rearrangement of 
aldoses to ketoses, 126 
o-arabinose to n-ribose, 104 
D-gluCDse to n -fructose, 92 
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L-sorltose to L-galactosc, 06 
L-xylose to L-xylulnsc, 106 
removal of hronio, tosyl and nitro 
groups, 352 

stability of blocking groups to, 348 
Alkali lability, 517 
Alkaloids, solatium, 465 
Alkylation, 
of cyclitols, 285 
methods, 346 

preparation of glycosides, 196 
AJkylidene derivatives, see also Efhyli- 
dene, Isopropylidene, and Methyl 
ene derivatives, 186, 222, 284 
Allaric acid (allomucic add) 275, 304 
Alligator pear, 109 
Alii to! (allodulcitol), 212 
configuration, 237 
dilicnzylidenc, 242 
liexuacetate, 242 
preparation, 75, 212 
ultimate synthesis, 239, 241-2 
Allium, oligosaccharides in, 42S 


D-AUo-n-aZ/o-heptoffp, 
mula, 58 

Haworth 

foi- 

u- All o-n-oi (ro-hept ose , 
inula, 58 

Hawnrt Ii 

fnr- 


Alloinositol, 
nomenclature, 2G5 
perspective formula 261-5, 267 
preparation, 209, 275 
Allolaetose, 446 
Allomucic, see Allaric 
n-Alinse, 
configuration, 38 
6 desoxy, 58, 174 

2.6- diricNiixy, sec Digit oxose 

2.6- didesu\v-3 nielhW, see 1'ymnroNe 
Haworth formula, 58 
hydrogenation to allilol, 242 

n Alloside, 

mpthyl 2.3-anliydi'o 1,6 benzyl id ene, 
173 

methyl 2,3-suJiydro-/9-, 175, 361 
methyl 3,4-anhydro-0-, 175 
Alloxan, 380, 395 
n-Allulosc, 41, 126-7 
i), l- A Huron ic acid, 304 
Allyl alcohol, conversion to li.L-ervtli- 
rose, 115 


Allyl ethers, 
polymerisation, 346 
of starch, 580 
Almond emulsin, 488 
enzymes in, 489 
0-glucosami doses in, 418 
hydrolysis of yeast dextran, 603 
nucleotidsaes in, 389 
phosphorylases in, 394 
preparation and purification, 488 
use for analysis, 510 
Almonds, bitter, amygdalin in, 408 
Almond tree gum, 631 
Aloe, 103 
Aloins, 103 
Alopecia, 287, 442 

Alpha and Meta, use in carbohydrate 
nomenclature, 22 
Alpha diet a, see under Anomers 
Allraric aciils, see Talaric acids 
n Altritol, 1 -desoxy (0-dchOw n talitol 
or u-epifucitol), 258, 260 
l Altritol, 1-desoxy (6 desoxy-n talitol 
nr L-epifuciloJ), 260 
ii-Altro n -phiio- heptnse, 57 
n-Altro-L inonno-lieptitnl, 1 deBoxy (i 
0-rhamiinhe\itol), 250, 261 
n-Alt ru-D-//m/iwi-heptoso, 57 
ii Altroheptulose, see Kcdnlieptuliise 
n-AIlronir acid, 110 
n Alt rose, 

3 - aniin o -3 -dcs oxy ( f< epiKlurrM!iimiic v< ), 

413.416 

1.6- anhydro, 216 
triaaretate, 218 

anhydro formation, 21 G 
cnnliguratiun, 38 

change from n glucose tvpc, 131, 

173.416 
ti-desoxy, 58 
Haworth formula, 58 
preparation, 173,432 

n-Alt rose, 24(1 
n-Altroside, met lit 1 a , 173 
2- amino, 361 

4.6- lienzylidenp, 173 

Aluminum chloride, see also Frioriel- 
Crafts reaction, 160 
chlorination of celloliiose and lactose, 
431 

Amadori rearrangement , 385-6, 405, 420 
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Amides, 

acetamide derivatives of sugars, 376 
amide rule, 263 

optical rotatory relationships, 206 
preparation from aldonic acids, 297 
Amines, Ber also under Amino acids and 
individual aminos, 
nucleosides, 386-392 
reactions with 

acetylglyrusy] halides, 215, 372, 382, 
384 

catalysts in crllulusc rsterificatioii, 
552-3 

hemiacetal groups in polysaccha- 
rides, 518 
BUgars, 375^88, 395 
Amino acid oxidase, 396 
Amino acids, see also Glucosaminic 
acid, 15-16 

complex with polysaccharides, 646 
occurrence in polysaccharides, 644 
reaction with 
5,6-anhydrobrxoscp, 422 
sugars, 421 

p-Aminobenzyl ether, polysaccharides, 
425 

Amino derivatives, 

6-amino hexoses, 361 
amino galactitol, 363 
Amino sugars, sec D-Ualactusamiiic, u- 
Glucosamine, Glyroaylaniincs, 
Osunines, 356, 412 
Ammonia, 

fonnation from plienylhydrazinc, 405 
glucose derivative, see Glucusylaiiiiiie 
(primary; 
liquid, use in 
alkylation, 347, AN) 
formation of cellulose alcoholttles, 
545 

starch gelatinizaliun, 561 
reaction with 
aldonic acids, 298 
aldoses, 376 

sorption by cellulose, 543 
Amorphous areas, in cellulose fiber, 539 
Amygdalin, 203, 468 
enzymic hydrolysis, 475 
reduction, 201 
structure, 84 


AmygdaloM, see Gentiobiose 
Amyl alcohols, for use in fractionsting 
starch, 566 

Amylases (diastases), 582 
nchroic point, 590 
classification, 477, 583-1 
discovery, 475 

effect of salts on activity, 584 
effect on 

periodic acid oxidized starch, 561 
sLarch-iodine complex, 590 
hydrolysis of 
glycogen, 601 
starch, 443, 598 
nomenclature, 583-4 
occurrence, 584-5, 587, 589 
pH optima, 584-5 
purification, 586 
stability, 586 
synthesizing action, 586 
types, 583-4 
dextrinogenic, 583, 589 
fungal, classification, 584 
liquefying, 583-4, 58!) 
pancreatir, classification, 584 
pliospho-, definition, 584 
saccharifying, see 0- Amylases 
salivary, classification, 584 
use in 

commercial production of dextrins, 
598 

maltose pro]iaratiou, 443 
a-Amylases, see also Amylases, liquefy- 
ing, 589 
analysis, 589 
comparison, 590 
definition, 583, 589 
inactivation by acids, 586 
mechanism of action, 591 
occurrence, 585 
stability, 580 

0-Amvlasps (saccharogenic amylases), 
587 

action on 

commercial dextrins, 599 
degraded Kchardinger dextrins, 593 
maltotriose, 588 

products of a-amylase hydrolysis, 
591 

starch fractions, 587 
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blocking groups and linkages, SOI 
chemical composition, 688 
crystalline, 587 
definition, 688-4 
determination of activity, 687 
hydrolysis of 
glycogen, 601 
oxidised starches, 588 
inactivation hy calcium ion, 586 
occurrence, 684, 687 
stability, 586 
use in starch analysis, 668 
Amyloamylose, 665 
Amylodextrin, 587 
Amyloid, 546 
Amylolyose, 429 
Amylopectin, 664 
acetate films, 578 
adsorption of iodine, 667 
branched chain structure, 573 
rrystallinity, 577 
definition, 565 

hydrolysis by 0-amylase, 588 
preparation, 565-6 
properties, 568 
retrogradation, 577 
structure, 573 
synthesis, 504 
Amylophosphatase, 596 
A ray lose, 564 
acetate films, 578 
adsorption of 
fatty acids, 567 
iodine, 567 

rontent of various st arches, 567-8 
crystalline, 586, 577 
definition, 565 

dieappearance in beat treatment of 
starch, 599 

distribution in plants, 568 
fatty acid complex, 566, 577 
helical structure, 577 
heterogeneity, 569 
hydrolysis by 
a-amylases, 592 
0-amylases, 687 

iodine complex and helical structure, 
677 

molecular weights, 671 , 596-6 
preparation, 565-6 


properties, 669 

Schardingar dextrine from, 694 
structure, 576, 577 
synthesis, 694 
viscosity of, 572 
X-ray studies, 577 
a- A myl 086, 666 
0-Amylose, 665 

Analysis, including qualitative and 
quantitative analysis, characteri- 
sation, identification and separa- 
tion, 133 

aldonic acids, 136, 381 

aldoses by hypoiodite oxidation, 326 

uric acids, 381 

ascorbic acids, 316 

glycoproteins, 640 

glycosides in plant materials, 510 

glykitols, 256 

iriSM-inositol, 271 

keto aldonic acids, 312 

methyl ethers, 519-20 

mucopolysaccharides, 640 

oligosaccharides in plant materials, 510 

oxy celluloses, 547 

pentoses, 134, 145 

raffinosc, in presence of sucrose, 51 1 
starch, 561 
amylosr, 567 8 
degraded by amylases, 586 
sucrose identification, 446 
techniques, 

adsorption of methylated sugars, 520 
colorimetric methods, 143 
distillation of methylated sugars, 519 
cud groups in polysaccharides, 510 
enzymic, 509-10 
fermentation of mixtures, 147 
osmotic pressure Tor molecular 
weights of polysaceharides, 522 
partition separation of mclhylated 
sugars, 519 
wet combustions, 339 
urouic acids, 306, 308, 381 
use of 

acetylated mercuplal* lor identifica- 
tion of sugars, 219 

iM'iizimidazoles for identification of 
sli Ionic, aric and urouic acids, 381 
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Analysis (ooniinued) 

hydrazones and nsazones fur identi- 
fication of sugars, 401 , 406 
os&triazoles lor identification of 
BUgars, 408 

Anhydrides, 880 

Anhydro derivatives, sop hIho (xly cottons, 
Kpnxy derivatives and under indi- 
vidual sugars, alrnliols and acids, 
178 

definition, 1H7 
formation by aeidH, 69, 111) 
formation from 
i>-glucosamine, IM 
hydroxyxnytilitol, 276 
osazones, 409 
phenyl 0-glycosides, 200 
imlyols, 252 
sedolicptuloflr, 1 10 
6-Hulfatcs, 183, 637 

intermediates in ghral ronverbions, 
370 

opening of ring by 
ncetylalirin, 277, 353 
ucolylglycnsyl halides . 133 
aniino arids, 422 
ammonia, 413-4, 416 
siNlium methylate, 413 1, 11H 
tA'Iies, see also Mpoxy deiivatives 
and Cdycosans, 

1 .2-anhydro-, 214 5 
i . r >-anhydro-, 350 

2.5- anliydro-, 354, 357 

3.6- anhydro-, 352 3 
5,6 anhydro-, 122 
1, 1-3,6-hcxiilcs, 351 

unfernientahle fraction in nii>lasscK, 75 
use in ilisaecharide syntheses, 433, 438, 
142 

Anilides, see Aniline 

Aniline, 

formation from phenyl hydrazine, 405 
glueose derivative (aniline X-glurnside 
or glucose anilide), 377, 37!) 
sugar derivatives (sugar anilides), 377, 
380 

Anisole, solvent for partially methylated 
starch, 580 

Anttyeitou* lalifoiia, gum, 631 


Anomcrs (a , 0-isomors) , 0 
acetylglycosyl halides, 101 
aeyclir type, 56 

amine derivatives of sugars, 377 
L-arabinose, 102-3 
configuration, 18, 211 
and optical rotation, 55 
of glycosidic carbon atom in oligo- 
saccharides, see under Lactose, 
Sucrose, and other oligosaccha- 
rides 

definition, 44, 167 
ease of oxidation, 323, 325 
by chlorous acid, 328 
by permanganate, 342 
equilibrium of aldoses in aqueous 
solutions, 64 
n-galantose, 93, 103 
o-glucosc, 07 
glycosides, 
definition, 187 
hydrolysis, 203 1 

in tore on version in acid solution, 108 
internin' version of arrtates, 108 
naturally occurring, 471 
relative formation. 190 
n -mannose, 99 
mutarotation, 55, 61 
nomenclature, 21, 55 
preparation of nimincric acetates, 
150-1 

L-rhamnose, 108 
sucrose, 450 
uronic acids, 309 
Anthocyaniris, 460 

Ant.hr aquin one, hydroxy, glycosides, 46!) 
Anthrax harillus, 645 
Anlibiotic activity of Rtreptnniyrin, 413 
Antibodies, 421 

Anticoagulant activity of heparin, 642 
Antigens, 420, 424-5, 
dphnitinn, 425 
polysaeeharidcs, 644 
specificity, 425 
synthetic, 425 

Anti hemorrhagic ngciits, 199 
Antiketogenic action of n-glurose, 231 
Antimalarials, thioglucosides as, 472 
Antioxidants, 109, 379 
Antiscorbutic compounds, 313 
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Antisera, 425, 604 
Apiin, 471 
Apionio acid, 471 
Apiose, 471 
Apoenzyme, 394 
Apples, 
araban in, 618 
n-fructose in, 91 
sorbitol in, 237 
Apricots, 
amygdalin in, 468 
0-glucosidases in, 492, 501 
sorbitol in, 237 
Arabaus, 

association with pectins, 608 
formation from galactanB, 627 
peanut, 618 

i)-Araharic arid (n-a/afro-trihydnj\y- 
glutarir arid), 
proof of configuration, 34 
triinethy] ether, 209 
Arabic acid, see (Jum arabir 
D-Arabinal, 

r on version to 2-dpso\y o-ribose, 390 
oxidation, 292 

L-ArAbinal, (L-ribal), 123, 129 
n-Arabinnse, sec also o Arabinosc deriv- 
atives, 103 
ronfiguration, 33, 38 
rot i version to 2-desoxy o-iibose, 390 
fermentation, 146 
Haworth formula, 58, 60 
identification as hydrazones, 402 
orrurrence, 103, 646 
preparation, 103, 121, 335 
quantitative analysis as diphenylhy- 
drazone, 145 

reduet ion to D-arabitol, 235 
o-Arabinose derivatives, 

5-d - arabinosc n-glurosidc, 42t> 
dimethyl acetal, 220 
hydrazones, 402 
oxime, 412 
tetraacetate, 155 

L-Arabinose, see also irArabinose deriva- 
tives, 102 

action of acids, 309 
anomers, 102 
Cannizzaro reaction, 235 
configuration, relation to 


n-galaotose, 56, 103 
L-mannose, 29 
fermentation of, 146, 603 
Haworth formula, 58 
historical, 2, 29 
identification, 102, 402 
mutarotation, 102 
nomenclature, 103, 428 
occurrence, 102 
in glycosides, 470 
in hemicelluloses, 622, 625-6 
in oligosaccharides, 428 
in plant gums, 631, 634, 635 
in polysaccharides, 512 
oxidation, 

in alkaline solution, 292 
with bromine, 325 

preferential hydrolysis in arabo- 
galactans, 515 
reduction to L-arabitol, 235 
structure, 29 
L-Arabinose derivatives, 
complex with calcium chloride, 102 
1,2 3,4-dicarbnnatc, 178 

2.3- dimethyl ether, 618 
hydrazones, 102, 402 
3-methyl ether, 618 
osazoncs, 102, 402 
oxime, 412 
polymers, 513 

2,3,5-trimethvl ether, 618, 629 
o-Arabinnsides, 
methyl-**-, 

periodic acid oxidation, 213 
3-trityl ether, 349 
methyl-0-, 

periodic acid oxidation, 213 
2-trityl ether, 349 
j.-Arahinosides, 
enzymes for, 490 
methyl, acid hydrolysis, 20 1 
strophanti din, 465 

u-Arabinosylamine, conversion to i>- 
glucosamine, 415-6 
n-Arabitol, 

1.3- benzylidene, 124 

2.3- benzylidene, 124, 332 
biochemical oxidation to li -xylulose, 

132 

configuration, 234 
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n-Arabitol (oofUinuad) 
occurrence, 235 
pentaacctate, 235 
preparation, 235 
rotation, 248 
i.-Arabitol, 

1- desoxy-l-toluidine, 388 
preparation, 235 

i>,L-Arabitol, ultimate synthesis, 235 
Arabo-galactan, 028-9 
n-Arabonic acid, 
preparation from n-glucose by 
alkaline copper oxidation, 342 
hypoiodite oxidation, 326 
salts, 292, 335 
trimethyl y-lactone, 449 
L-Arabonio acid, 

2- keto, 312 

reaction with diazomethane, 298 
n-Arabuloee, see n-Ribulose 
Arachia hypogoea , Bee Peanuts, 618 
Arbutin (hydroquinone 0-n-gluooside) , 
188, 203, 466 
methyl, 188, 466 
Arctoataphyloa uva-urri , 466 
Aric acids (glycaric acids, saccharic 
acids), 299 
definition, 15 
epimerization, 302 
historical, 2 
nomenclature, 20 

occurrence in preparation of aldomc 
acids, 322 

oxidation with periodic acid, 331 
preparation by 

bromine oxidation of starch, 581 
nitric acid oxidation of aldoses, 
301-2, 333 
preparation from 
cyditols, 278, 280 
glykitols, 254 
meso-inositol, 272 
starch, 581 

reactions with o-phenylenediamine, 
380 

reduction to uronio acids, 304 
relation to 
aldonic acids, 3 
carbohydrate "series, 10 


Aric acid derivatives, 
anhydro, 357 
anilides, 381 
benzimidazoles, 380 
hydrazides, 381 
keto dcsoxy, 302 
lactones, 302 
salts, 299 

\rlitan, sec 1 ,4-Sorbitan, 351 
Arndt-Eistert synthesis, 269, 277 
Aroma ticization of cyditols, 283 
Arrow poisons, 464 
Arsenous acid, esters, 182 
Artichoke, Jerusalem, 605 
Arvi tubers, 585 
Arylidenc derivatives, 186, 222 
Aacophyllum nodosum, 107 
Ascorbic acids, see also i,-Xyloasrorbic 
acid, 313 

equilibria with keto acids, 314 
esters, 169 
nomenclature, 313 
oxidation to L-threonir acid, 292 
preparation, 312, 314 
properties and reactions, 313 
Ash manna, 429 
Asparagosin, 606 
Aspen, 618 

Aspergillus rngi r, see also Aspergillus sp 
0-glucosidaao, 501 
inulascs, 505, 605 
invertases, 485, 505 

Aspergillus oryzae (and TAkadiastase), 
see also Aspergillus Bp. 
celluloses, 550 

formation of dextrine from starch, 591 
p-glucosidaso, 501 
homicellulases, 623 

hydrolysiB of Schardinger dextnus, 593 
liquefying amylaseB and doxtrinizing 
power, 590 

pectic enzymes in, 613 
Takadiastase, 476 

Aspergillus sp., Bee also Aspergillus niger 
and Aspergillus oryzae, 
amylases, 478, 589 
achroio value, 596 
dassification, 584 
conversion of 

n-glucose to D-mannitol, 289 
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sugars to aldonio acids, 344 
sugars to glykitols, 252 
pectir enzymes, 612- 3 
A xiragulus, gums, 635 
Asymmetric carbon atoms, see also 
Stereoisomerism and Steric effects 
formation of, 18, 255 
in benzylidene derivatives, 225 
in cyanohydrin synthesis, 37, 117 
in reduction of ketoses, 251 
free rotation of bonds, 25 
inversion nl complete configuration, 
129 
loss iii 

osazonc formation, 4U5 
periodic acid oxidation, 211 
permanganate oxidation, 355 
meso symmetry , 27 
number of stereoisomers, 26, 28 
racemic mixtures, 27 
stereoisomerism of 
i>- and l. -glycoi aldehyde, 24 
tetrohi-H, 25 

Nlerir e flu ft in formation, 114, 116 
Avocado, 109, 244 

Aridc denwtlivcb, coupling with pru- 
teins, 425 

Aroyl esters, wr p-pbenvlarolienzoftten 

B 

Hoc ill us carotouorus , pec tic enzymes in, 
613 

Badllus dyftt nfmoe, 645 
Bacillus krzemifniLU'ski, mannan con- 
tent, 616 

hactlluB (AerobaciUuH) macerant, 
amylase, 178, 584 
effect on starch, 592 
Bacillus mescnlencuH , 
amylase, 478 
fructosans, 606 
liquefying amylase, 584 
Bacillus polymyxa, 262 
Bacillus evbtilis , levans, 606, 643 
Bacteria, see Microorganisms and spe- 
cific organisms 
Bagasse, 447 

Banana starch, amylose content, 568 
Banda tubers, 585 
Barfoed method, 142 


Bark, 

cellulose content, 529 
exudations as gums, 630 
Barley, sec also Barley, malt, 
amylophosphatase, 596 
Harley, malt (“malt"), see also Amyl- 
ases, 583 
amylases, 
analysis, 589 
increase in activity, 584 
optimal pH, 585 
stability, 586 
a -amylase, 
aehmic point, 590 
action on glycogen, 601 
comparison with other amylases, 590 
conversion of starch to dextrine, 591 
occurrence, 585, 589 
0-amylaae, 
composition, 588 
occurrence, 584-5 
causes of color in, 421 
pectic enzymes, 612 
Harnett catalyst, 578 
Hearbcrry, see Arctostaphylos uva-ursi 
Heech wood, polysaccharides in, 626 
Hecr, 421, 582 

Hees, collection of melezitose, 456 
Beet sugar, sc* Sucrose 
HeetB, sugar, Bee Sugar beets and 
Molasses 

Benedict solution, 141, 142, 312 
Benzaldehyde, 
p-dimcthylamino, 
reagent for glucosamine, 418 
test for amino acids, 644 
/j-inethoxy, analysis of tetraacetyl- 
glucosamine, 417 
reaction with sugars, 222, 224 
Benzene, 

1.2-diamino-4, 5-dimethyl-, sugar de- 
rivatives, 380 

formation from meso-inositol, 271 
hexahydroxy-, reduction to meso- 
inositol, 268, 271 

1 -hydroxy-2, 3, 5-tribensoxy-, see also 
Phenol, 2,3,5-tribenioxy, 270, 288 
1 ,2, 3, 5-tetraacetoxy-, 270, 283 
Benzidine test, for pentoses and uronio 
acidB, 134 
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Benzilic acid rearrangement, 77 
Benzimidazoles, 

optical rotatory relationships, 136 
use in 

identification of sugars and sugar 
acids, 136, 380 

separation of i>,L-mixtures, 300 
Benzoates, Bee also Benzoylation, 165 
differentiation of cyclic and acyclic, 
154 

iuososes, 270 
natural occurrence, 407 
starch, 578 

Benzoic acid and hydroxylbenzoic acids, 
preparation from cyclitols, 283 
Benzoin condensation, 121 
Benzoquiuone, see Quinones 
Benzoylacetic ester, reaction with 
glucose, 231 

Benzoylation, see also Benzoates, 165 
partial, by use of borates, 166, 254 
quinic acid, 284 

Benzoyl groups, migration ol, 166, 351 
Benzyl ethers, 
cellulose, 555-6 
hydrogenation of, 345 
starch, 570 

Benzylidenc derivatives, see also under 
individual glykitols and sugars, 
224-6 

desoxy glykitols, 261 
for partial niethylation, 348 
Benzyl trimethylammunium hydroxide , 
reaction with cellulose, 543 
Bergius process, 628 
Bertrand method, 142 
Bdabaeterium vermifonnt , dextrans, 604 
Betaine structure, methyl 2-amino-2 
desoxy-o-glucoside, 418 
Beta vulgarin, see Sugar beets 
Bet it ol, 260 

Bioinosose, see under lnosose 
Birchwood hydrolysates, 627 
Bisulfites, 182 
effect on sugars, 182 
effect on wood, 621 
Blackberries, 266 
BlaekBtrap, 447 
Blood, 

coagulation, 642 


n-glucose in, 07 

group polysaccharides, 646 

types, 646 

Blood sugar, see d-<Hucorc 
Blueberries, 166 
Borate esters, 
glykitols, 254 
sugars, 183 

Borax, sec also rotation effect under 
individual glylritoVB, 235 
effect on optical rotation of 
arabitols, 235 

2-dpso\y-D-ara6o-hexitul , 261 
1 - desoxy - li - m&nno - d - gala - hepti - 
tol, 261 

1-desuxy-n-glucitol, 260 
n-fucitol, 250 

li-guJo-L-talo-heptitol, 245 
D-inannitol, 238, 256 
sorbitol, 236 

enhancement ot i illation of 
glykitols, 248 
sugars, 138 
Boric* acid, 183 

aid in parti a 1 bcnznvlulion, 1G6 
complexes, 
n-glucose, 40 
glykitans, 363 
glykitols, 253 

D-mannitol, increased aridilv, 253 
nucleotides, conductivity of, 302 
structure, 40, 253 

Bornesitol, see msso- Inositol nielli vl 
ether 

Bwttrychia acorpoidrx, 237 
Buurguel’s catalyflt, 251 
Brain cephalin, 268 
Brain sugar, see D-Oalactosc, 03 
Brain tissue, 03 
Branched chains in 
polysaccharides, 519 
sugars, 00, 471 

Bmssica nigra (mustard), glycosides and 
enzymes, 472 
Bread, amylases and, 582 
British gums, 508-9 

Bromates, formation from hypobromites, 
321 

Bromine (and hypobromites), equilib- 
rium in water, 320 
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Bromine (and hypobromite) oxidation*, 
in acid solution, 321 
aldobiuronic acids, 308 
aldoses to aldonic acids, 291, 323-5 

2.5- anhydro sugars, 366, 414 
anomers, 323, 326 
dieaocharides, 325, 444 
galactaric amide, 305 
galactosazone, 311 

1.5- glykitanB, 365 
glykitols, 254-5 
hexosamines, 356, 413 
ketoseB, 322 
keto-uronic acid, 278 
mannosides, 305 
mechanism, 322 
rf-quercitol, 280 

separation of aldoses and ketoBes, 126 
starches, 581 

Hnimobenzene, preparation from meao- 
inositol, 283 

Hromo derivatives, see under Ilalogeno 
esters and sperific compounds 
p Bromophenylhydrazine, use in analy- 
sis of sugars, 402 

Browning reaction, sec Mclanoirlin re- 
action 

Huplfurum falcatum, 236 
Burdock, 91, 005 
Burning bush, 211 

Butadiene, conversion lo rrythritol, 231 
Butane, 1 ,4-diamino, 359 
Butyl alcohols (butanols), for fractiona- 
tion of starch, 565HJ 
wipm-2, 3-Butylcne glycol, sec Erythri- 
lol, 1,4-didesoxy 

1 2,3-Bulylene glycol, see u-Threitol, 
1 1-ilidrso\y 

C 

Cadmium bromide, double salt with 
radmium xylonato, 105 
Cadmium carbonate, ubq in acetal form- 
ation, 195 

Caesalpin la cacaloca , 636 
Caeaalpinia sptnosa, 636 
Caffeir acid, 271 

Calcium acetate, reaction with oxycel- 
luloses, 548 


Calcium chloride complex with 
L-arabinoee, 102 
n-gulose, 59 
n-mannoee, 48, 59, 100 
Calcium ions, effect on amylases, 586 
Camphor, 

complex with cellulose nitrate, 551 
use in celluloid, 551 
Canary dextrine, 598 
Cane, sugar, see Sugar cano and Molasses 
Cane sugar, see Sucrose 
Cannissaro reaction, 77 
formation of 
s&ccharinic adds, 77 
L-arabitol from L-arabinoee, 235 
microbiological, 252 
with D-galaotose, 241 
with n-glucosamine, 420 
with o-glucoee, 237 
Capeularin, 90 
Capeular substances, 642 
Carbamates, cellulose, 554 
Carbanilates, see also Urethanes, 169 
Carbasole, color test for sugars, 143, 640 
Carbobenzoxyglycyl chloride, reaction 
with 

4, 6-henzylidene-D-gluroBC, 422 
tetraacetyl -n-glucosamine, 423 
Carbohenzo\y-ri-alanyl chloride, reac- 
tion with tetraacetyl-D-glucosa- 
mine, 423 

Carbohydrases, definition, 475 
Carbohydrates, 5 

contrast with paraffin derivatives, 5 
convergence with other series, 16 
definition, 5, 17 
riug formation, 6 

use of alpha and beta in nomenclature, 
22 

Carbomcthoxy esters, 177 
Carbonates, 177, 197 
Carbon chain, lengthening of, see also 
Cyanohydrin, Diazomothanc, 
Friedel -Crafts, Cirignard, 116 
Carbon chain, shortening of, seo also 
Ruff degradation, Weerman deg- 
radation, Wohl degradation, 
(locals, Hydrogen peroxide, 
Oxygen, and Periodic aeid, 121 
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Carbon dioxide, formation from cellu- 
lose, 548 

Carbon disulfide, reaction to form 
xanthates, 546 

Carbonyl groups, see also Aldehydo, 
Keto, and Enolisation, 
acetal formation, 186 
activation by, 5 
addition of nitromcthanc, 120 
analysis in 
oxycellulose, 548 
polysaccharides, 517-8 
glycoside formation, 18Q 
oxidation in Btarch, 581 
reaction with 
alcohols, 180 
amino acids, 421 
amino groups, 375 
mercaptans, 186 
ring structure, 42 
CArboxypthyl ether, starch, 580 
Cnrboxvl groups, analysis in oxyccllu 
loses, see also Uronir nrids, 548 
Carboxymethyl others, 
cellulose, 557 
starch, 580 
Cardiac glycosides, 
occurrence, 463 
sugars in, 470 
Carob beans, 
gum, 635 

reduction to o -mannitol, 239 
Caroubine, 635 

Carrageenic acid, sources, 632 
Cartilage, 640 

rhondroitin sulfuric acid, 415, 640 
composition, 183 
Cassava, Bee Tapiorft 
Castor oil, 551 
Catalysts, 
esterification of 
cellulose, 552-3 
sugars, 149 

Koenige-Knorr reaction, 198-4, 432 
oxidation with 
hydrogen peroxide, 336-9 
nitric acid, 333-4 
preparation of 
acetals, 220 

alkylidene derivatives, 222, 228 


giycosylamincs, 370 
phenyl glycosides, 194 
Catechol, preparation from ronduritol, 
283 

Cathartic, action of agar, 637 
CcllobiascH, seefl-fllucosidasc, 177 
Celtobiose, 438 
Acirl hydrolysis, 437 
ronfiguralion of glyrnsidic carbon, 114 
enzyme hydrolysis, 102, 497 
formula, I3K 

in unit cell of rrllulosr, 538 
metabolism, 430 
occurrence, 438 
pieparation, 
finni cellulose, 
acctoheis, 438 
acid bvdnilysis, 546 
enzyiuir hydrolysis, 558 
from lichenin, G02 
structure, 12 
synthesis, 
chenurnl, 133, 43S 
enzymir, 135 
1 Vllubirwe derivative, 
ff-dcso\y , 431 
6,r)'-didpsox> , 132 
6,6'-diiodo,432 
6,6'-ditosyl f 132 
netaarctate, 

preparation from rellulose, 138, 531 
reaction with 
aluminum rhloridc, 161 
hydrogen fluoride, 100, 431 
phosphorus rhlnride, 1G1 
Cellobiosides, 
methyl, 

acid hydrolysis, 206 
2-desoxy, acid hydrolysis, 206 
heptaacetate, preparation, 190 
optical rotation and Isorotation, K2 
phenyl enzymic hydrolysis, 497 
protein-azobensyl, 426 
Cellobiothiose, 473 

Cellobiuronides, p-nitrobouayl-, cou- 
pling with proteins, 426 
Cellodoxtrins, 
chemical hydrolysis, 546 
ensymir hydrolysis, 551, 5R9 
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Cellohexaose, 
chemical hydrolysis, 546 
enzymic hydrolysis, 550 
relation to cellulose, 531 
Cellophane, 

enzymic hydrolysis, 558 
molecular weight, 533 
preparation, 547 
Cellotetraose, 546 
Collotriose, 546 
Celluloses, 478, 558 -6 
Celluloid, 551 
Cellulosans, 

biologiral classification, 51 \ 
definition, 622 
Cellulose (a-cellulose), 529 
classification, 513-4 
comparison with chitin, 610 
end groups, 518 
enzymes, 478, 558-0 
fractionation, 514 
function, 514 

glucose from, 530, 532, 540 , 558 
historical, 1-2 
occurrence, 529 
physical properties, 
adsorption of amyl use hy, 565 
adsorption of water and crystal 
Unity, 510 

adsorptive processes, 542 
heat of wetting and crystallinity , 510 
optical rotation, 515, 531 
relation to structure, 531 
preparation from wood, 530 
purification, 530 
reactions, 
acptolyuis, 531 
acetylation, 552 
bcnzylation, 555 
bleaching, 530 

breaking of fiber struct urc, 512 
hydrolysis, 
acid, 546 
enzymic, 550 
methylation, 55 
nitration, 549 
oxidation, 547 
pyrolysis, 214 
with alkali, 544 
with formaldehyde, 558 


with salts, 545 
with thallous ethylate, 540 
with thiocyanates, 554 
with water, 540 

reactivity of undissolved fibers, 539 
solvents for, 543 
structure, 530-1 
chains, 532 
crystallinity, 537, 540 
filler orientation, 540 
formula, 537 
unit cell, 537 

surface chemical reaction, 542 
types, see also Heinicellulosos 
a-cellulose, definition, 530, 621 
0-cell ul ose, 530 
definition, 530, 621 
molecular weight, 534 
7 -cellulose, 530 
definition, 530, 621 
molecular weight, 534 
bacterial, 

molecular weight, 533 
preparation, 602 
dross and Bcvan, 621 
hydrate, 544 
native, 544 
wood pulp, 620 
esters, 550 

molecular weight, 533 4 
Cellulose derivatives, 
acetates, 552 

industrial importance, 518 
molecular weights, 527 534 
reaction with dibasic acids, 553 
“secondary” type, 552 
triaoetaicH, 552 
acetylgluoonyl rater, 563 
alkali cellulose, 544 
‘"aging” of, 546 
taction with 
acrylonitrile, 557 

alkyl halides and sulfates, 554 5 
benzyl chloride, 556 
rhloroacelir acid, 557 
licnzvl ether, 556 
carbamate ester, 554 
carbovyinet hyl ether, 557 
cyanoethyl ether, 557 
esters, 548, 553 
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Cellulose derivatives (continue/) 
ethers, 664 
crystalline area, 655 
distribution n[ alkyl groups, 554 
use of alkali in preparation, 544 
ethyl others, 554 
as roating composition, 346 
distribution of alkyl groups, 556 
hydroxyethyl ether, 556 
methylene derivatives, 557 
methyl ethers, 555 
as protective colloid, 346 
reaction with oxalyl rbloride, 554 
solubility in water, 556 
mixed esters, 553 

nitrate esters (“nitrocellulose"), 549 
commercial importance, 548 
denitration, 551 
molecular weight, 534 
saponification, 177 

sulfates, blood anticoagulant activity, 
642 

tnsodium derivative, 545 
trityl ether, 557 
xanthate ("viscose"), 546 
“ripening" of, 547 

Cell wall of plants, components of, 623 
Cell wall polysaeeharides, classification, 
513 

Celt robiose, 431 
enzymic hydrolysis, 497 
Ceraionta sihqua, 636 
gum, 635 

Cercidium torreyanum , 636 
Cereals, see also specific types as Com, 
Wheat, Hye, etc. 
fructosan content, 605 
Ccrobrose, see n -Galactose 
Orebrosidos, 93-4 
Cerebrospinal fluid, n-glurose in, 97 
Ceric sulfate oxidations, 336*40 
Crtiaria tslandira, see Moss, Iceland 
Chaemerop8 humihtt , 268 
Chagual gum, 06 
Chalcones, 461 

Characterization, Bee Analysis 
Chardonnet process, 551 
Cherries, 237, 469 
Cherry gum, 102, 631 
Chicory, 91, 605 


Chinovin, 107 

Chinovose, see n-Glueosc, 6-desoxy 
Chitarir acid, see i)-Gluronir arid, 2,5- 
anhydro 
Chitases, 619 
Chitin, 619 
classification, 513 
hydrolysis, 412, 415 
Chitinascs, 478 
Chit obi oso, 619 

Chitonic acid, see n Mannonir acid, 2, 5 
anhydro 

Chitosaminir acid, see o-Glucosaininic 
acid 

Chit use, see o-Mannose, 2,5-anhydro 
Chitosiilc, methyl, see n-Mannoside, 
methyl 2,5-anhydio 
(Jhlumydornonan, 461 
Chloral, icaetinn with glvkitols, 223 
Chloral hydrate, 
effort on plants, 509 
use in identification of starch, 501 
Chlorates, formation hum hvpochloiitcs. 
321 

Chlorate and chlouc acid oxidations, 
251,327 

fu marie and maleic acids, 300 
gluconic acid methyl ester, 311 
hexenetetrols, 211 
stenc effects m, 212 
sugars, 327 

vinyl derivatives, 115, 235, 230, 211 
Chlorine (and hypurhlorites), 
bleaching of cellulose, 530 
catalyst for acetylations, 578 
effect on wood, 621 
equilibrium in wator, 320 
oxidations, 321, 581 
Chlnnup dioxide, 621 
Chlorite and rhlorous acid oxidations, 
255, 327, 621 

Chi oroacet aldehyde, conversion f o 

gal&ctitol, 241 

Chloruacetir acid, reaction with starch, 
580 

o-Chlorobenzaldehydc, analysis of 

sorbitol, 256 

Cldoro derivatives, see under llalogeno 
raters and specific compounds 
Chlorogenir arid, 271 
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Chlorous acid oxidations, 327 
cellulose, 547 
effect on lignin, 621 
( 'holera organism, 3X2 
Pholcstanol glucosides, 465 
('holla gum, 631 
Phondroitin, structure, 641 
Plinndroitin sulfuric acid, 415, 61(1 
ChimdroBominc, see n (lalactosamiiie 
Pliondrosaminic acid, sec n-ljalacto- 
saminic acid 
(’bond rosin, fill 

Chomlruit cmpiut, we Moss, Irish 
Chromatographic adsorpl ion, 
analysis of sugar mixture, 133 
azobenzoyl esters for, 165 
Chromic acid, ideutiiiralion of starch, 
561 

niromic acid oxidations, 132, 3.3(1 
('nirhona t 100. 271 
Cinchonine salts, 
iiiaiiiiuronu 1 acid, 616 
use in Repartition of n, i.-lhrrarie acids. 
300 

( 'innamie acid esters, 16(1 
Cis and i rails, see Kierir efferls 
Pilric acid, reaction with ghkitnls, 360 
Citrus, 
arnlians, 6 LX 
pectin, 610 

Plaiscu condensation, for asrorbir acid 
preparation, 315 
Plorget method, 13X 
Porrrirror, dextruns, 603 
fWrvr/ifJir/i'A immitis , pol\ saccharide, 6 Mi 
Cocos'll nl, see Kcvllitol 
(Vos palm, 268 
Codrhjdrngcuasc-I, 303 
( 'oriehydrogcnaHC 1 1 , 305 
( 'oenzyines, 303- 6 
liesjieiidin, 462 
Cuenzx me I, 303 
Cooiizyine-II, 305 
'‘Cooiizyme factor”, 306 
Coffee, glycosiduBCR, 502 
Coffee liean, 271 
Collodion, 551 
Cohtcttitia anti quorum, 5X5 
Color reactions, 131 
Complexes, see Double compounds 


Campohifac, 91 
fruetosans, 605 

Conductivity, increase in glykitol com- 
plexes, 253 

Oonrluraugo bark, 269 
Conduritol, 267, 269, 275-6, 2X3 
dihyro-, 265, 267, 209, 275 
Configurational pretixes, IX 
higher sugars, 61 
Configurations, 
absolute, 30 
anonicrs, 48 

antigens and specificity, 425 
arir acids, 35 
four-carbon scries, 41 
glyrcraldchyile, 21, 36 
reversal of all asymmetric carbons, 120 
sugars, 34, 3A, 11 
tet ruses, 25, 36 
I noses, 30 
Coniferin, 467 

CimophnUw konjak , 014, 616 
Convicinc, 3X8 
(' onvofrulaccae , 108 
Convolvulin, 107-8 

"Popper number”, analysis of cml 
groups in polysaccharides, 517 
Popi»er oxide, ammnniacal, see Cuprain- 
moniiun 

( 'opper oxide ethylenediaminc, as solvcnl 
for rcllulosc l 54l 

C 'oppor salt oxidations, 138-0, 3 12 
formation of 
ijsoncs, 318 

products from sugars, 312 
ol 

glucosamine, 418 
glycosides, 109 
osazones 408 

qualitative test lor reducing sugars, 
135 

quantitative method foi sugars, 13<4- 
143 

Pori ester, see Glucose 1 -phosphate 
Porn, see also Maize 
glycogen in, 500 
synthesis of glycosides, 500 
Porn cobs, 105 
Porn oil, 598 
Porn sirup, unuiiveU, 99 
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Com starch, 
araylose content, 567-8 
difference from tapioca, 560 
n-ghirose from, 97 
heat treatment, 590 
importance and uses, 560 
industrial preparation, 598 
maltose from, 560 
phosphorus in, 564 
photomicrograph, 562 
Com steep liquor, 268 
Com sugar, boo n -Glucose 
Corneas, 
composition, 183 
hyaluronir arid, 640 
muroitin sulfurir arid, 641 
Cotton, 

cellulose content, 528 
ensymic hydrolysis, 559 
esters, 550 

molecular weight, 533 
Cotton lintere, molecular weight, 531 
Cotton seed, 
aldobiuronir arid, 307 
raffinose in, 457 
Cotton seed hulls, 105, 626 
Cottonwood, 307 
o-Coumaric arid, 468 
Coumarin glucosides, 167 
Coumarmic arid, 467 
Cozymase, 393-4 
Cozymase, dihydro, 391 
Crab shell, 415 

Cranheny, mountain, hop Vacriniim 
Vitu8-idaea 

Creighton prorrss. 238 
Criegec, see Lead tetraacetate 
Crocus pollrn, 461 
Cross and Bcvan rrllulose, 621 
Cruci ferae, thioglyrnsides in, 472 
Cruntacea , 513, 619 

Cryoscopic method, molecular weight of 
polysaccharides, 52A 
Crystallinity, 
amylopectin, 577 
amylose fraction, 566 
cellulose, 540 
and enzyme action, 559 
starch, 661 , 564, 576 
Crystallites, in rellulose fiber, 539 


Cuprammonium rayon, molecular 
weight, 533 

Cuprammonium solution, 
reaction with glykitols, 544 
solvent for cellulose, 543 
Cupropliane, molecular weight , 533 
Curcurlrila moschata, p-glucosidases, 501 
Curtius degradation, quinic arid, 277 
Cyamopm sp., 630 

Cyanatcs, reaction with acotylglyrosyl 
halides, 383 

Cyanoethyl etlirrs, rellulose, 567 
Cyanohydrin synthesis, 116 
configuration ol acids produced in, 
290 

for lengthening rarlmn chain, 1 16 
preparation of 
Hsrorbir grids, 315, 317 
glycosaininoB, 415 
higher glykitols, 246, 251 
n,L-idarir arid, 272 
i) niaiiiiobeplulose, 110 
tarlronir arid, 300 
relation to Wohl degradation, 122 
stcrir elTerts in, 116, 250 
use in RosuuofT uomeiirluture, 36 
Cyra* u valuta, jS-gluniM doses, w»e also 
Palms, 501 

Cyrlitols (including inositols), 263 
hiorhrmistrv, 263, 286 
configuration, 264 
definition, 4 
esterification, 283 
genetir relationships, 266 7 
halides, 281 

natural occurrence, 263 
nomenclature, 264 
l>erspertive formulas, 26 I 
in streptoni>rin, 474 
sweetness, 264 
Cycloheptaamylosc, 503 
Cyclohexaamylose, 593 
Cyclohexane-1 -carboxylic acid, 1 ,3,4,5- 
tetrahydroxy, set' /-Quinic acid 
Cyclohexane, 1,4-diainiuo, 359 
Cyclohexanehexols, see Cjclitols 
Cyclohexanone, trihydioxy, 269 
1 , fl-Tycl ohe\ene-l -carboxylic a cid , 3 . 4 , - 
5 , t rihydroxy /see Shi kirn ir arid 
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Cyrlohrxylftiuiue, 4 -methyl, u -fructose 
derivative, 387 
Cvmarin, 464 
Cymaroso, 346, 470 
Cysteine, sugar derivatives, 421-2 
Cytidinr, 388 
Oytidylic acid, 400 
C Cytochromes, 306 
Cytoplasm, 307 
Cytosine, 388 
n-glucoso derivatives, 3H5 
in nucleic acids, 307 
5-methyl-, 307 

D 

Dahlias, 01, 606 
Dambonitol, 268 
Daiuhuse, srr mesa Inositol 
Damson gum, 031 
Dandelion, 01, 500, 605 
Uaiufrin Inti folia, 160 
Dead sea apple, 466 
Deamination, see NiLrouH acid 
Degree oi polymerization, Her also 
Molecular weights 
definition, 526 
Deh\ ilration of foods, 421 
Delivrirooscorhir arid, 31b 
Dehydrogenases, 386 
adenosine phosphoric acids as roon- 
zvmos, 303 
function, 304 
hrlonii tegui 636 
Demulcent action, 631 
DepreHHoi iu firm anhydride niti ales, 366 
Desitols, m • also Glykitols, desoxy, 16 
deliriilinu, 14 

Deposes, see Desoxy sugars and under 
indi \ idual sugars 

Demrxv nhlouic arid, sec Ssccharinic 
acids 

Dcsoxycorticrrsterone gluooside, 464 
5 (O-desoxygluroseJ-h-glurosiric, 434 
Demy inositols, see ri-Quercitol 
Desoxy ketoses, formation from aZde- 
h i/fio sugars, 118 

Desox v polvhydric alcohols, see 
Glykitols, desoxy 

Desoxy sugars (desoses), see also 
Methyloses, 16 


in cardiac glycosides, 463, 470 
definition^, 16 
Haworth formulas, 67-8 
hydrolysis of glycosideB of, 206 
natural, 80, 470 

preparation from glyeals, 128, 371 
terminal desoxy, synthesis, 125 
Determination, see Analysis 
Detoxification, glycosides for, 460, 600 
Deuterium oxide, 

enolization of te tram ethyl glucose, 78 
reaction with cellulose, 546 
Dcxtrara, 
bacterial, 346, 603 
classification, 613 

enzymic formation from sucrose, 643 
glycosidio linkages, 512 
nomenclature, 513 
structure, 519 
yeast, 603 
Dextrine, 

acid hydrolysis, 602 
action of amylases, 602 
analysis, 143 
canary, 598 

catalysts loi pliosphorylatirin, 605 
from ciizvinic hydrolysis ot starch, 
689-92 

liidustiial preparation, JKJS 
in maltose preparations, 443 
limit (grciudextrin, bonier dextrin), 
and amviopectin structure, 575 
formation, 588 
Irom glycogen. 601 
structure, 588 

icsidual see Dextrius, limit 
Kchaulinger nee also Schnidinger 
dextrins, 5*12 

structure ol British gums, 509 
torref action, 508 
mifcrrneiitable, 586, 5(11 
wliite, 508 

Dextrose, set* n-Glueosc 
Diaeet amide sugars, 122 
Ilia cetyl, 

diphenyl hydrazone, 40S 
osotetrazone, 408 
osotri azole, 408 
Dialdehydes, 210, 331 
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Dianhydriries, boo Hex idea, Isohexidcs, 
Alannidcs, Horhides, etc. • 
Diaphorase, 31 Mi 
Diarrhea, anil glykilols, 257 
Diastases, boo Amyl asps 
Diazom ethane, 
addition to Bugs™, 1JK 
lengthening of rarboii chain, 118 
methyl at ion of pnlysHcrharidps, .'UK 
reaction with 
tildvh f/do-hfvi al ph, 155 
aldunyl chlorides, 208 
ascorbic acid, .311) 
biuinnaoNr, 207 
rclluloHP xanlhatc, 547 
Diazonium salts, 
aryl glycosides, 42*1 
coupling with glyrosyianilincw, 380 
Diazuurtuil, net ion on aucroHC, 135. 4*10 
Dibasic acids, Mr Aric acids and indi- 
vidual acids under uric names, 
300-1 

Diliulyl phtbalale, plasticizer for cel- 
lulose acetates, 552 

Diet by] ami ne, u -glucose ilerivative, 3K5 
Diethylene glycol, 10 
borate esters, 184 

Difructose anhydride, sec under n- 
Fruct use* 

DiginoHc. 471 

Digitalis glycosides, sugars in, 470 
Digitalis lunula, 403 
Digitalis saponins, 400 
Digitalis sp., glycosirles, 403 
Digit aluse (3-melbyl-o-fucose), 310, 470 
Digitoxitol. see L-iibo I Ir-sit nl , 1,5- 

didesow 

Digit oxosc, 262, 463, 470 
3-incthyl, sir ("ymarose 
Diglvcerols, 16 

Dihydrocmiduritol, 265, 267, 26!l, 275 
Dihydroshikiinic acid, 265 , 267 
1 lihydroxyacet one, 7K 
equilibrium with glyeer aldehyde, R0, 
113 

glycosides, 433 
oxidation, 318 
phosphate, 114, 18] 
preparation from glveerol, 131 
synthesis, 111 


0-1 )i ketones, reaction with glucose, 231 
l)i for a tdultK, 638 

Dimcdou, for dctermiualion of formalde- 
hyde, 136 

Dimethyl amine, solvent for starch in 
motivation, 580 
Dimethyl sulfate, 
reaction with 
glycosides, 346 
starches, 570 
sugars, 346 

use in glycoside formation, 106 
o-Di nitrobenzene, enlor lest with sugars, 
135 

Dinses, 70 
Dioxaur, 16 
Dioxolunc rings, 22 1 
Dipeptidcs, 124 

Diphrn\ lpho.sphoryl chloride, for plios* 
phorylalion, 302 
Diplilheria bacteria, 640 
Dtptrijfi opptwitifuliu, 407 
DiMircluiriduHeN, 510 
Disaerlmrides, 427 
urlinu of alkali, 200, CIO 
alilobiuronir acids. 307, 641 
niialysis in plant materials, 510 
chondrosiii, 041 
clasHificalion, 428 
enzymic hydrolysis, 471, 107 
formulas, 438 
preparation, 438 
from a in bo galactan, 020 
from cardiac glycosides, 103 
from cliit in, 010 
Irom natural glycosjdes, 471 
from polysaccharides, 515 
pio|ierties, 138 

read ion with trilyl chloride, 350 
streptoiuyein, 474 

structure of, see also under individual 
sugs CM, 200, 435, 438 
s.vnthesis, 430 
Dissociation constants, 
enzyme reactions, 470, 480, 483 
0-gluroHitluse, 406 
phenols, 87 

Disl illation. Tor sepuralinii of sugar 
mixtures, 133 
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Di-(l ,2,3,4-tetraafetylglucoscJ 6-carbo- 
nate, 178 
Diuretics, 
arbutin, 406 
glykitans, 302 
l)i vinyl glycol, 
oxidation to 
allitol, 239, 242 
DiL-nianJiitol, 2311 
r/,/, see d,l 
i>, l, 52 

ITaworIh turiiiuliih, 52, 56 
intrrconvorsioiiH, 129 
nomenclature, 21, 35 
Dndccylamine, sugar derivatives, 37! I 
Dogfish, 268 
Dnguood, 268 
Double compounds, 
adenosine ami picric arid, 38!) 
a my lose and fatty acids, 577 

1 urahinusc and calrium chloride. 192 
cadmium u \ylonatc and cadmium 

hrnmidc, 195 

calrium larlubionatc and nalrimn 
brmuidr, 290 

cellulose uitli acids and sails, 545 

2 dehoxysorbitol and pyridine, 256 
i» r rue tone and lime, 91 
i)-glucoKe and sodium chloride, 97 

ok ao inositol and basic lead seriate, 
284 

iMiumiiose and calcium chloride, 100. 
323 

nucleosides and picric acid, 389 
raflinose and lime, 157 
saccharates, 73 
sorbitol and pyridine, 250 
sucrose and lime, 448 
Drying of food products, 121 
Duleide, see (lalarlilide 
Dulcitau, see Gal ac tit an 
Dulcitol, sec Galaetitol 
Dyes, 

natural, 108, 460, 462-3, 469 
sorption by cellulose, 512 

E 

Egg albumin, carbohydrate of, 016 
KV. 421 

Ehrlich reagent, 418 


Klasmobranch fishes, 268 
Elder, 469 

Electrolytic oxidation, 
glykilols, 255 

sugars to aldouie acids, 322 
Electrolytic reduction, 
n-glucuBo to sorhitoi, 238 
under alkaline conditions, 238-9 
Electron micrographs, 
bacterial cellulose, 603 
bacterial dexlrans, 6(4 
glycogen, 600 

Elect rophorcsis, analysis of starch, 565 
Emulsifiers, methyl celluloses, 556 
Eniulsin, almond, see Alumnd emulsin 
Emulsins, definition, 475 7 
Emulsion stabiliser, 031 
Kiiaiiliomorplis, 
sc I ion of enzymes on, 132, 494 
definition, 27 

preparation through uronic acids, 129 
End-group analysis of 
cellulose, 518, 535 
glycogen, 600 
inulin, 518 

limit dextrin, 588, 593 
si arches, 518, 572, 582 
End group methods, 516, 535 
“copper number,” 517 
incrcaplal formation, 518 
jnclhylation, 519 
periodic arid oxidation, 582 
reducing power, 572 
Endosperm mucilages, 636 
Enediols, see also Ennis, 7, 78 
aldouie laetonps, 295 
ascorbic acids, 313, 316 
formation h\ alkali, 73 
osoncH, 31 8 
oxidation by 
alkaline copper, J3P 
oxygen, 335 
rcductir acid, 309 
saccharinir acids, 77 
Enolisation, 5, 372 
Euols, see also Enediols, 
formation from lactones, 302, 310 
glyroseenB, 372 
keto acids, 312 
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Enzymes, 

Amylases, sec Amylases, a-Amyl&scs. 

jS -Amylases, Phosphorylases 
autolytie, of pneumococcus, 640 
of Brassica nigra, 472 
rellulases, 558 
rerebrosidases, 05 
chemical composition, 487 
chitinascs, 610 
coenzymrs, 393 

comparison of rales of acul and rn 
zymir hydrolysis of glycosides, 500 
definitions, 304, 475 
determination of configuration of 
anonierie carbons in oligosar 
chandes, 436 
dihydrocozyinasc, 385 
di peptidase, 423 
dissoriation constant h, WO 
effert of hydrogen ions, 4KT4 
effert of substrate concentration, 476 
enzyme value and enzyme effieieney, 
185 

flavin eocnzyme, 385 
glurose dehydrogenase, 343 
glveosidases, see bIho C ilyrohidase* and 
specific enzymes rr-Glucosidaac, 
/S-OluroHidase, Invert use, ele , 174 
history of development , 475 
hydrolysis of 

glycosideB during isolation, 464, 471 
homomorphs, 59 

Stare hes to maltose, 569, 583 , 586-7 
inhibition, 483 
in natural products, 471 
in photosynthesis, 111 
inulases, 605 
kinetic equations, 476 
lirhenascs, 559 
mammary tissue ext ract , 91 
measurement of activity, 484, 587, 589, 
613 

mechanism of action, 476 
myrosin, 472 
nucleosidase, 181, 389 
nucleoside phosphorylases, 389 
oxidases, 181, 396 
pectie, 612 

phosphorylases, see Phosphorylases 
phytase, 266 


polysaocharidasos, 475, 477, 514 
in Primula sp., 469 
purine phosphoryltisc, 181 
snake venom, 392 
solubilization of pert ins, 607 
sulfatascs, 183 
synthesis, discovery, 511 
synthesis of 
dextrans, 603 
disaccharidcs, 140, 151 
gentiobiosc, 440 
glycosides, 507 
limsine and guannsine, 389 
lactose, 442 

Hrharriingci dextrins 594 
staiclies, 594 
HUrilKK', 151 

tcnipcialure effects, 485 
tyjicH in natural products, 491, 500 
use fur Analysis, 138, 509 , 510 
yellow, 395 
Epicellobiose, 43!) 

EpichitoHRininic and, set* n Mamin- 
saminir acid 

Kpiclnluhc. srr n (iliicnse, 2 Aanlndm 
Epicholnstannl gliicnaules, 465 
Epichimdronii* ocid, him- i> GalaMonii 
strict, 2,5 anhydru 

n-Epifuritnl see n Altiilo], 1 iIuhow 
Ti-Epifucitol, see n- Mtritol, l-drBOW 
Epiglueusanunc, sec n-Mannosaiiiiiir, 
and n-Altrose, 3-ami no-3-dc\c>Hv 
Epiiuositol, 269-70 
Epi-f/ieao-inososc, see under Inosose 
Epusosacchsiie acid ace n-Glucaric 
acid,2,5-ftiihydm 
Epilartose, 433, 442 
Epimaltosc, 454 
Epimcrs, definition, 26 
formation of, 
aldoses, 7, 126-8 
aldonic acids, 127, 295 
glykitols, 251 

n-Epirhamnitol, sec l (JuJilol, 1-desuxy 
L-Epirhamnitol, sec* o-Gulltol, 1-doaoxy 
o-Epirhamnose, see o-Glucose, 6-dosoxy 
Epoxy derivatives, see also 5,6-anhydro 
derivatives under specific sugars, 
361 
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5, 6-anh ydro, cleavage hv ammonia, 

417 

d- glucose, 5,6-anhydro-J ,2-isopro 
pylldrrir, 13*3 

intermediates in hydrolysis of halo- 
pnalions, 416 

preparation from Bhikimic acid, 285 
flteriti effort in formation, 174 
Eremoalachytt hibiota, 428 
Ergot , 452, 501 
Ericaccat, 46G 

Kriodirtyul glycosides, 462 
Ervuru /ms, a (achy oar in, 458 
Erythrarh* arid (wcso-tartaric arid, i 
diliy drox ysuecinic a r i i ) , 
dimethyl ether, 386 
mrRO symmetry. 27 
preparation, 3U0 
from alginir arid, 617 
from D -fructose, 24 
Krythritan, 

conversion to dihydrofuran, :MVG 
Haworth finniula, 351 
sweetness, 363 

Krytliritol (“j/irao-erythritor’j, 16 
derivatives, 
dibenzylidene, 234 
M-didesuxy, 261-2 
tetraaretatr, 252 
tel rabrumoliydrin , 252 
fermentation of, 147 
nomenclature, 18 
occurrence, 234 
oxidation, 255 
bacterial, 233 

biochemical, to L-erythruloBc, 131 
sweetness, 257 
ultimate synthesis, 234 
rf-Jfl rythritol, sec L-Threitol 
/-E rythritol, see o-Tlircitol 
ftieso-Erythritol, sec Erythritol 
Erythroamylose, 565 
L-Erythruascorbic acid, 314 
Erythrogranulose, 587 
Erythrol, 233 
n-Erythronic acid, 342-3 
o,L-Erythronic acid, 116, 234 
n-Erythronic acid, 

2-keto, 311 

preparation from arabinose, 292 


a-Erythroee, 39, 58, 582 
n , L-Erythrae, 79, 115 
L-Erythrose, 58, 123, 312 
o-Erythrulose, 41, 118 
ii-Erythrulose, 42, 131, 233 
n Erythruronic acid, 302 
dimethyl ether, 616 

Esparto grass, xylan and araban, 618 
Esters, see also Aretates, Acetylations, 
Benzoates, Boratos, Carbonates, 
Nitrates, Phosphates, Sulfates, 
etc., and individual carbohy- 
drates, 149 

6-acyl derivative of hexoses, 301 
carbohydrate acids, 
aldonic, 297 
keto aldonic, 312 
pectins, 607 
thioaldonir, 299 
uronic, 309, 607 
cellulose, 548 
cyclitnls, 283 

differentiation of cyrlir and acyclic, 
151 

glyldtols, 252 , 254 , 256 , 368 
anliydrides, 367 

natural occurrence. 149, 463, 643-4 

pectins, 610 

polysarrharides , 643 

relation to glyrosidcs, 200 

starch, 577 

sugars, 149 

use for sepai at ion of sugar mixtures, 
133 

Ethanol, 16 
dehydrogenat ion, 394 
formation from wo od hydrolysates, 
627 

Ethauolamine, 16, 359, 41V, 621 
Ethers, 345 

benzyl, p -ami no, of imlysaceharides, 
425 

cellulose, 554 
oyelitol , 285 
definition, 345 
demethylation of, 345 
6-methyl, preparation, 350, 361 
natural occurrence, 345 
polyglycol, of glykitans, 368 
solubility, 346 
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El hors (continued) 
nubility, 345 
starch, 570 

uhp in structural determination, see 
also Mrthylation, 207 , 345, 510-21 
Ethylene chlorohydrin, 500 
Ethylcnediaininc, see also Copper oxide- 
ethylcncdiaininc, 544 
dispersant for amyl oho, 572 
reaction with cellulose, 543 
Ethylene glycol, 16, 233 
e there, 10 

glycoside anhydrides, 217 
reaction wilh acetaldehyde, 222 
Ethylene oxide, see also Anhydro and 
Epoxy deiivalives, 16 
rear Lion willi 
alkali cellulose, 556 
glycosides, 109 
glykit an pari ial eel era, 368 
Ethylidenr deiivalivea, 124, 226 
Kuunymun utropurpun if», 241 
Explosives, 252 
rellulose esters, 548, 550 
slarrh nitrates, 570 

F 

Fats, tranaeeteriliralion with gl vkitols, 
368 

Fatty acids, 

adsorption on starch, 566 
complex with amylnsc and helical 
strut* Lure, 577 
caters, 160, 367 
in starch, 564 
Fcculose, 578 

Fehling solution, see also Topper walla, 
135, 140, 190, 343 

Ferment atiun, see also Dehydrogenases, 
Microorganisms, Veasts, and spe- 
cific organisms, 343 
adenosine phosphoric acids, 393 
eoensymes, 303 

determination of carbohydrates, 146 

glykitols, 363 

hydrol, 445 

molasses, 75, B0 

oxidative, 343 

separation of 

D-glucose and n-galartosc, 03 
sorbitol from L-iditol, 241 


sugars, 180 

starch hydrolysates, 586 
wood hydrolyzatert, 627 
Fern, brake, 52ft 

Ferric chloride, catalyst in Koenigs 
Knorr synthesis, 194 
Fenicyanirie oxidations, 143, 255 
Fibers, 

alginic acid, 616-7 
orientation in rellulose, 540 
sodium pertatr, 612 
Films (membranes), 
amylosc acetates, 578 
bacterial cellulose, 602 
ccllulost* esters, 548, 551 2 
pectin esters, 010 
Fir - 

conifeiiii in, 4447 
nielezitnse fiom, 455 
Fischer convention, 30, 32 
Fischer formula, 50 

Fischer synthesis, alh\ I glvcosidcs, 1SS !l 

Fisclici -Zacli synthesis, 351, 332 

Fish poisoiib, 166 

Fistuhnn hrpatirn, 235 

Flame tree, 630 

Flavour glycosides, 471 

Flavonol gl>cohideh, UK) 

Fla\, New Zealand, heniicellubisch, 620 
Flax, pectins, 611 
Flaxseed (Linseed), 
i, -galactose, !K>, 630 
2 li-rliainiioHn i> galacturnviidc, 30 1, 307, 
42f) 

Floridrar , see \lgae 
Floridosidc, 471 

Flowers, coloiing matters of, 4(K) 
Fluoride, hydrogen, action on 
(‘(dlobiose octane cl ale, 431 
sugar acetates, 160 
Fluorine derivatives, 160-1, 131 
Fodder, protein front 
sulfite waste liquor, 62S 
wood hydrolysates, 628 
Folin-Wu method, J42 
Formaldehyde, 
hioehcmical format ion, 111 
classification in sugar scries, 17 
cleavage product, 77 
condensalion polymers, 15 
formation and determination in peri- 
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odic acid oxidations, 45, 436, 518, 
548, 582 

n- propyl acetal, reaction with cellu- 
lose, 557 

react ion with sugars, 222, 224 
Fnrmamidc, dispersing agent for starch, 
561, 571 

Formate esters, 367, 578 
Formic acid, 
effect on 
glykitans, 366 
starch, 561, 579 
esters of starch, 579 
formation by periodic acid oxiikt ion of 
cellulose, 518 
glycosides, 45, 2J0 
glykitols, 330 
pu^naceliandps, 518 
secondary alcohol gioups, 330 
staicli, 582 
Formose, 111 
Furaythia. bunpniita, 171 
Foxglove, sec Digital )' » 

Fragmentation, 77 
Fiaxinus omuK (manna ash), 
manniuotriose in, 420 
D-niannit ol in, 239 
htaehyose in, 458 
F i nun uk ioltn\difoli* % 239 
Fiicdel-Uraftb inaction, with gljrosyl 
halides, 1J9 

Friedlander bacillus, 307 
Frog spawn, 93 

0-Fi uctofuraiumidasc, see Invert ase 
ii-Fruclosaminc, preparation from glu 
cose pkenylosasone, 420 
Fiuctosans (leva ns, iiiuliiuO, 005 
bacterial, 606, 642-3 
occurrence, 605 

o-Fructose (levulose), see also v Fructose* 
derivatives, 91 
configuration, 41 
proof of, 34 

relation to o-glucosc and n-mannose, 
29 

conversion to 
cellulose, 602 
crythraric acid, 24 
l) -glue os one, 336 
5-keto-L-gulonic acid, 322 
o -sorbose, 174 


degradation of, 24 
effect of 
acids, 138, 210 
alkalies, 72 
Fehling solution, 343 
furanosc form, 07, 92 
Haworth formula, 60 
historical, 2, 23 
identification, 91 
mutarotation, 91-2 
occurrence, 91, 428 
oxidation of, by 
air in alkali, 292, 335 
brumine, 322 
hydrogen peroxide, 336 
nitric arid, 24 
oxygen, 335 

polymcis, see Frurtosans and Inulin 
preparation, 01 

from 1 -desoxy-1 -amino-n fructose, 
409 

from o-glurosc, 92, 126 
from inulin ,605 
from invert sugar, 92 
from n-numuitol, 335 
from starch, 596 

reaction with trityl chloride, 350 
reduction to n-mannilol, 239, 252 
stability in solution, 72 
structure, 23 
sweetness, 92 
ultimate synthesis, 1 J2 
n-Frurtose derivatives, 

1 -amino-1 -dexosy (isoglucosamine), 

145,409 

1 .2- anliydro, 75, 216-7 
l,5-anhydro-3-osune, formation from 

] ,5-glykibans, 365 
1-aryl amino, 405, 420 
calrium fjuctosate, 91 
6-desoxy, preparation, 125 
1-desoxy-l -(p-1 ulylamino ) , 386-7 
1-dcsoxy tetraacetate, preparation, 
155 

1 - desoxy - 1 - (4-methylcyclohexyl- 
amino), 387 

a-diacetone, see u -Fructose, 1, 2-4,5- 
diisopropylidcne 

^-diacetone, see o-Fructose, 2, 3-4,5- 
diisopropylidene 

1.2- 4,5-dicarbonate, 178 
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i>-Frurtosc derivatives (continued) 
diethyl murcajital, 220 

1.2 — 4,^ - diisopropylidene (rv-diace- 
t one) ,280 

3 methj 1 ethei, 347 
sodium derivative, 347 

2.3 - 4,5 - diisupropylidcne (0-diace- 
tone), 230 

oxidation of, 311 

3.6 dimethyl ether, 007 
difrurtose anhydrides, 75, 216 

1 , 1 -(7- diphenyl -diisopi opylidene, 310 

1.6 diphosphate, 180 
1-n-fructose 0 -d glurosido, 429 
liydraznncs for analysis, 91, 402 
Aeto-l-desox\ -tetraacetate, piep.ii a- 

tion, 155 
mureaptulri, 221 
3-methyl ether, 23U 
oaftzoneh for anal} sin, 91 
1,3, 4 , 6.G pcuLaarctule, 155 
1 -phosphate, 114, INI 
0-phoHphale, 180 
polymers, 513, 004 
sulfonic acids, lt>2 
113,4,5 tetraacetate, 196 
1,3,4, 5-1 rtiJJinothy] ether, 209 
1,3, 4,0 telramcthyl ethei , 449, (i()7 

1.3.4- tiimclhyl ethei, OOG 

3.4.5- triiniithyl ether, 407 

3.4.6- trimeth}l ether, 605 
L-Fructoac, 112, 298 
D y L-F]Uctobe, ultimate synthesis, 112 
/9-5-Fiuctosidase, see Invertase 
n-Fructosidcs 

benzyl 0-, acid hydrolysis, 203 
fuianosidcs, 
acid hydiolysis of 
benzyl a-, 207 
methyl a-, 203, 207 
invertase hydrolysis of 0 anoiner, 503 
methyl, 

acid hydrolysis, 203 
structure, 209 

methyl 1 , 3,4, 5-tctraacetate, prepa- 
ration from telr&ucetute, 190 
phenyl 0-, 506 

reaction with titanium tetrachloride, 
190 


n-Fructosyl halides, tetraacetate, 199, 
450 

Fruits, 421 

coloring matters in, 460 
exudations as gums, 630 
gl} cosides in, 461 

juices, clarification by enzymes, 6 J 2 
Fniit sugar, see n-Fructose 
d luritnl (1-desoxy-L-galactilol, 1-des- 
oxy-i. dulcitol), 260 

L-Fucitol (l-desoxy-n-galactitol, 1-des- 
o\y n-dulrilol), 
configuration, 258 

conversion to 1 , 6 -didesoxy galactilol, 
262 

pentaaretate, 259 
pirparalion, 220, 259 
n,ij Fucitol ( 1 -dcsoxy i),r.-galactilol, 1 - 
dcbO\}-D, r, -dulcitol), 260 
i-nr-Fucolicxilol, sec D-Manno-i>- 0 uZ<(- 
heptitol, 1 -desoM 
Fucoidin, 632 

n Furnse (d K&larliiniethylose, 0 -deBo\y- 
D-galaetoseJ, 107 
Haworth foimula, 58 
hvdraroneb foi analysis, 402 
3 iiicth}l ether, see Digit alow* 
ocrurience, 107, 470 
omiiip, 412 

reduction to i> fucitol, 260 
l-Fucom 1 (L-gulactomethylose, 6-dcsoxy- 
ijgulailose), 107 
hydnwones, 107 
mutarotation, 107 
occurrcnre, 107, 470 
in blood polysaccharides, 040 
oxime, 412 
pieparation, 107 
reduction to L-fucitol, 260 
li-Fucoside, methyl 2,3,4-trimethyl-a-, 
635 

L-Fucosidc, methyl 2 -trityl- 0 -, 349 
Fircus sp., 107, 632 
Fumaric acid, 300 

Fungi, see also Fermentation, Micro- 
organisms, Yeasts, and specific 
organisms 
Funorin, 632 
Furan, 46 
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derivatives, 231 
ac-ethyl tetraliydro, 3G6 
Furanoses, see also Furanosides 
acetamide derivative of glue oho, 377 
acetyl halides, 163 
D-fructose in solution, 92 
n-galactose in solution, 94 
D-gluoose, 

5. 6- anliydro-l , 2-isopropyl idono, 433 
diisopropylidene, see u-Cilurose, di- 

isopropylideno 
glycosylaminos 380,336 
llaworth formulas, 53, 57-S 
isopropyl i dene derivatives, 175, 228, 
433 

lactulose, 48, 431 
n-inannose-CACli<41I|0, 48 
mutarotalion, 67, 386 
preparation from carbonates, 178 
L-xylulosc, 106 

Kuranosides, see also Furano«rs, 
arid hydrolysis, 189, 206 

3,6-anhydro derivative, 353 
conversion to, 

5.6- KlycoHwnH, 373 4 
pyranosidcs, 198 

definition, 40 
enzyme a el mil, 493 
frurlofuraiioside, 104 
phosphate, 180 

groupings in polysaccharides, 513 
o-nitroaniline N-pontosidcs, 378 
optical rotation, 82, 84 
preparation, 1S5, 189, 195, 197, 353 
ribofuranosiden, 104 
N-ribofuraiiosides, 380 
si ability, 198, 206, 380 
atructure, 208- 9 
thio derivatives, 195 
6-tosyl derivatives, 171 
uronic acids, 310 
Furfural, 

determination of, 145 
hydroxymethyl, 69-71, 145 
preparation from 
carbohydrates, 134 
koto acids, 312 
pentoses, 69 
uronio acids, 308 
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quantitative analysis of pen loses, 145 
reaction with glycosides, 227 
Furiiir acid, 5-hydroxymethyl, 411 
Furylideno derivatives, 226-7 
Fimrium, 627 

G 

n-Oalaclal, 

conversion to 2-dcso\v-i> galactose, 
120 

oxidation to n-falosc, 128 
Galartnns, 617 
association wiLli pectins, 608 
conversion to arabnns, 627 
isolation from 
cudosperin mucilages, 636 
Irish inoHM, 038 
Lvpinva alb h*, 627 
Pcnu'illium charhxii, 615 
mannn-, 6:46 

oxidation to galarlnrir acid, 302 
(inlarlaiir acid (imicic acid), 
amide, ovidntion, 305 
2,5-unhydro, pi epa ration, 357 
3 dcsoxv fl rih vdroxyn dipie acid, meta- 
snndiaronic acid), 271 
ppimm/ntinn by pyridine, 295, 302 
ferment tit ion of, 147 
jircpainlion, 301 
from ronduritol, 27*5-6 
from galactose, 332, 334 
tetruniethyl ether, 156 

1 . 5- 3, 6-(ialaetidu (dulcido) 
phosphate ester, 364 

(Jalnclilan (dulcitan), halnhydrins, 303 

3.6- u-(jalurtit. ( iii, 365 

Galaetitol (dulcilol), nee also Galactilol 
derivatives, 
analysis, 256 
configuration, 237 

conversion to 1,6-didesnxy galnctitol, 
262 

effect of phosphoric acid, 364 
ferment at ion of, 147, 252 
migration of isopropyl idono group, 228 
occurrence, 241 
oxidation to 
galactario acid, 254 
d,l- galactose, 255 
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(ialactitol tdulcitol) (continued) 
oxidation with 
hypobroniite, 327 
lead peroxide, 240 
preparation, 241 
structure, 255 
ultimate synthesis, 241 
t talar I it ol ilerivat i ves , 
amino, 363 
l-desoxy, see Furitola 

1 . 6- ilichlorohy drill , 364 

1.6- didrsoxy, 262 
liexascrtatc, 241 
unaaturated ehornhydrin, 252 

n-Galactitol, l-draoxv, are L-Furitol 
L-(ralactitol, l-desoxy, see n-Furitnl 
n,L-(jalartitol, 

1- desoxy, nee i>,L-Furitol 
dibeuzoate eat era, 166 

(talari often, snail, 617 
n-ftalfletometh.nlosc, are D- Fur oar 
li (ialnrtonirlliyloHr, see r<-Furohr 
n (ialni'tonie arid, 
artion of pvridinr on, 2(15 
2,rinnhydro (rpirhonrlrniur arid), 357 
radniiiim anil for ho para (ions, 297 
degradation of ralriuni nhII, 121 
epimerization to n t atonic arid, 295 
fermentation of , 147 

2- keto, 311 
methyl eater, 327 

methylated Jartunra, mu tarot at ions, 
293 

potassium salt, oxidation with rhlorir 
acid, 327 

preparation by fungal oxidation of o 
galartoac, 344 
L-Galactonic arid, 
and aacorbir acid, 317 
2-keto, and ascorbic acid, 317 
5-kcto, 311 

preparation from L-galaheptulusc, 124 
D - (jalactosaminc (2 - amino - 2 - desoxy- 
d- galactose, chondrosamine), 183 
analyaia and identification, 415, 417 
configuration, 414 
occurrence in 

chondroitin sulfuric arid, 641 
diphtheria bacteria polysaccharide, 
646 


preparation, 415 

Mtalaelosaminic acid (2-amino-2-dea- 
oxy-n-galartonir arid, chondro- 
aaminir arid), 357 

D-(ialaetoHe, see also n-Galaetosc deriva- 
tives, 93 

action of alkali on, 76 
artion of heat on, 214, 434 
nnomers, 93 
biorhemiatry, 94 
ramiizzaro reart ion, 241 
configuration, 38 
relation to i<-arabinoae, 56, 103 
relation to other sugars, 90 
conversion to 
f.- galartoac, 129 
n-idoae, 174 

ferment at ion of, 146-7 
Haworth formula, 58 
liiat oriral, 2 
identification, 98. 117 
inula rot at inn, 93 
occurrence in 
agar, 637 

cardiac gl>roaidPH, 465 
guniN, 631, 631-5 
hcinirelluloHCH, 622 
iinmunological polysaccharides, 615 
oligosarrharidea, 428 
plant glycoaidca, 470-1 
polysaccharides, 512 
scant red, 107 
oxidation 
by bromine, 325 
by fungi, 344 
to miirie acid, 332, 334 
preparation from 
u-galartal, 370 
ii-glucoac, 173 
lactose, 93 

reduction to galactitol, 241 

D-Oalactoso derivatives, see also (ta 
laclosidea, 

a Idehydo acetates, see under Aldohydo 
2-ainino-2-deaoxy, sec n-Galactoa- 
aminc 

1.6- anhydro, 214 

3.6- anhydro, 637 
dimethyl acetal, 353 

1-brumo-hexaacotate, 164 
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]-ch]oro‘>l,2,3,4.5,6-hexaaccUtc ) 56 
1 -chi oro -tetraacetvl hcptanose , 156 
6-(phloroformy]) - diisnpropvlidcnc, 
178 

6-desoxv, see d-Fucosc 
2-dosoxy, pro para t inn from u-galactal, 
129 

1.2.3.4- dicarbonale, 178 
diethyl mcrcaplal, 195 

conversion lo 
ethyl fur n nos ides, 196 
ethyl a-pyranosidc, 196 
G-iodu, 156 

6-iodo -tetraacetate, 156 
pent aaect ale, 195, 219 
conversion lo acetal, 195 
reduction, to i,-fucilul y 220, 260 
I '2-3,4-diiHoprnpylidenc, 228 
6-iodo, 156 
oxidation, 305, 341 
read ion with trilyl chloride, 349 
6-trityl ether, 150 

2. 4 - dimethyl ether from 
araho -galaetan, 629 
galaetan, 617 

gum Arabic, 6.33 

ethyl hemiacelal pent aarc! ate, 164 
glururonosy], 307 
heptanoflCN, 156 
hydrazoncs for analysis, 402 
6-iodo, 156 

bh contras! material for x-rays, 185 
nr-melhylphenyl hydrazone, 93 

2.3.4.6- tetraacetate, 402-3 

2.3.5.6- letraaectate, 402-3 
oxime, 93 

acetylation of, 412 
peutaaretatcR, 152, 156, 1G3 
phcnylosazone, 
dianhydro derivative, 409 
formation from galarli famine, 413 
structure, 407 

tetraacetate, open chain Rtruclurc, 
407 

1 -phosphate, 180-1 
polymerK, 513, 617, 628 
sulfates, 183, 638 

2,3,4.5-tetraaeetate heptanose, 156 
2,3,4 .G-tctrumeliwl ether, 441, 017, 
629,633 


2,3,4-trimcthyl ether, 629, 633 

2.4.6- trimcthyl other, 629, 637 
6-trityl ether, 156 

h-Galactose, 96 

3.6- anhydro-2-mcthyl, 637 
biological formation in agar, 638 
6-desoxy, see l-Fucosc 
Haworth formula, 58 
occurrence, 96, 512, 618, 637-9 
preparation, 96, 129 

6-sulfalc, 638 
o.L-Galactose, 96, 353 
u-Galactosidases (melibiaseB), 477 
action on raffinosc, 457 
almond emulsin, 490 
coffee, 503 

hydrolysis of slachyose, 458 
measurement of artivit.v, 485 
yeaat , 505 

0-Galaetosidases (lactases), 477, 490 
alfalfa and almond, 502 
coffee, 503 

effect of hydrogen ions, 489 
hydrolysis of disacclmrides, 441, 497 
measurement of aetivity, 485 
D-GalaetosideH, 

aryl 0-. enzymic hyrirolytuH, 503 
enzymes, sec Glycosidases and a 
and 0-Galactosidasrs 
ethyl tt -, 106, 471 
ethylene glycol anliydro, 217 
elliyl furanoRides, 162, 196 
6-galartOHP, from arabo-gal&ctan, 629 
4 -n -glucose 0- , sec lactose 
2 glycerol in algae, 471 
hcptanoHidcH, 156 
acetateR, 156 
methyl ether, 156 
methyl, 

2 - acetylamino - 2 - draoxy - 3,4.6 
trimrthyl, 641 
O-Hulfate, 637 
methyl 

acid hydrolysis, 204-6 
periodic acid oxidation, 212 
tetramcthyl ether, 206 
6-trityl ether, 349 
methyl 0-, 

acid hydrolysis, 204-5 
periodic acid oxidation, 212 
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D-Galactosidcs (continued) 
phenyl «, p- t effort of nlkali, 21/5 
atroplianthidin, 465 
n-Galartosyl halides, t rt roar rl ate, 

2.3.4. 5- isomcr, 156 

2. 3. 4. 6- isomcr, 

reaction with 1 Timothy lamin'*, 215 
synthesis of lactose, 441-2 

2.3.5.6- isomer, 163 
n-Galacturnnic acid, 

action of 
acids, 7109 
alkalies, 311 
conversion to 
ascoibic acid, 317 
L-galactnsp, 129 

mctli.yl 2,3-diuu'lhjl-fu/urnnidc, 610, 
635 

methyl ester, 
action of pectases, G13 
diethyl acetal pcntaauetati , 2l!l 
ocrurrrnre in pectins, (507 
occurrence in 

fungal polv saccharides, 616 
hemicelluluscs, 620 
lectins, 1507 

polysacrliuridcs, 304. Til 2 
polymers, sue Pectins 
preparation, 303, 311, 609 
u-Galactumriides, 
protciii-azolicnzyl, 426 
btcrol, 465 

D-o-Galahrptitolyi sec i -Pi rseitul 
ju-0-Galalieplitol, see i> Gala l. giant 
lieplilol 

1 >-Galn T.-pfaro-heptilul (i»-/3 galahep 
titol or i) a guloheptilol), 241 
L-Gala-i>-£p/nrr)-hept il ul , 214 
D,L-(iti,]n-gZucu heptitol, 241 
o-Gala-i -wn/mo-licplitol, see i<-Peiseilol 
1-desoxy (L-a rhainnohexitun, 25K, 261 
monotrityl ether, 261 
D-Galaheplonie arid, 2-ketn, 311 
n-Gala-L wm/me-heptonic lactone, 261 
L-Gala-u-^urnna-hcptonic •> lactone, op- 
tical rotation, 60 

D-a-Galahcptose, sec n-Gala-L-manno- 
hoptosc 

u-jS-Galahcptosti, see o-Gala- L-gluco- hep- 
tOflti 


i) -Gola-L-pf uco-heptosc (n -/9-galahep- 

tosc), 244 

lA I ala-D-pZuco-hcpt osc (n-/J-galahpp- 

tose), 67 

i) -( lala -n-m an no ■ kept ose (i)-a-gAlahep- 

tose), 62, 244 

i -Crala-n-/nanno-hpptose, 57, 60 
n-Galahpptulouc, configuration, 62 
L-fialahpptuloKP (persoulosp), 124, 132, 
244 

n (lahi-L-pa/a-or titol, 246 
Gallic acid, relation to quinic and 
bhikiinir acids, 278 
GalJutanninri, 167 
(ialloyl esters, 167 
Gal lose, 74 

“Gumma” glycosides, see Orlhoacetir 
Phteis, Puranosides and d Glu- 
nisidcs, furanosidcs 
Gastric mucin, polysaccharide, 646 
(tashic mucosa, nmcoiliu sulfuric arid, 
Oil 

Gnuihoj’s disease, !)5 

Gelatin, sec Proteins 

Gelatin, vegetable, sec 4gar 

Gclafinizatiou, starch, 561 

(jthdium corn rum, 636 

Gel forming rarbob ydrales, 630 

GelobCB, 631 

( ientiiinc^i, 439. 455 

(ivnUatt sp., 439, 455 

(■PHtiobiase, see 0-Glucoaidase, 477 

Genliobionic acid, 

acel Willed nitrile, Wold dcgiadul iriu, 
431 

( iciitiobiosc,439 
acid In ilrolysis, 437 
enzymic h> drol>sis, 469, 497 
formula, 439 
occurrence, 439, 469 
net aacr into, 439 
[H'riudic acid oxidation, 437 
preparation, 99, 201, 439 
structure, 440 
synthesis, 

by enzymes, 435, 440 
from n-glueose, 99, 440 
in plants, 509 
Gcntiobiosides, 
o-chlorophenyl, 509 
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optical rotation and Isorotation, 82 
protein-azobensyl, 426 
Gontiobiosyl fluoride, 161 
Gentiobiuronic acid, 307 
Qentiobiurouidefl, p-nitrobenzyl , coup- 
ling with proteins, 426 
Gigartina sfellata, 632, 638 
Gladiolus, synthesis of glurosidos, 500 
Qlediteia triancanthos, 636 
n-Glucal, 

addition of halogens, 370, 116 
conversion to 
anhydroglykitols, 36 
]>-arabinosc, 370 
n glucose, 371 

methyl 2-bromo-D-gliirntddr, 416 
methyl mannoeidc, 371 
diacelylpseudo, 371 
ilibromo, 416 
dihydro, 360 
structure, 370 

triacetate, hydrogenation, 360 
n-Glucamine (1-amino l-dcBOX>horbi- 
tol), 410 
1 -methyl, 410 

preparation from 1-nrylamiun frur- 
toaes, 420 

Glucans, see Dcxtrans 
D-CUuraric acid (piuco -saccharic acid, 
saccharic acid, h-gularir acid), 
302 

2,5-anhydrn (epiisosHrrhAric arid), 
357-8 

chururlerization, 302 
configuration, 35 
identification of n-glucohr, 97 
laetones, 302 
nomenclature, IB 
permanganate oxidation, 342 
preparation, 302, 332 
reduction, 302, 304 
tetramuthyl ether, 446 
ii-Glucaric acid (L-p/wco-sareharir acid, 
n-gularic acid), 301 

o, L-Gluearic acids, formation from mmu- 
inositol, 272 

u-Glucitol, sue Sorbitol 
u, L-Glucitol, see D,fj-Uulitol 
L-Glucitol, see o-Gulitol 
n-Glucitol, 1-desoxy (1 -dcsoxy-n-sorbi- 


tol, 6-dosoxy-L-gulitoI, irgulo- 
methylitol), 258-60 
1,1-G-diphenyl tetraacetate, 119 
n-Glucixol, 6-dcsoxy, see L-Gulitol, 1- 
dusoxy 

n-Glucitol, 6 desoxy, see n-Gulitol, 1- 
dusoxy 

a,a,a,a-u-Glucodecitol, 246 
Gluengtillin, 168 

a-Glurohcptitol, see Gluco-jprfo-hoptitol 
n-j9-Gluroheptitol, see u-Gluco-n ido- 
heptitol 

Gluco-0t/fo-hrptit ol (rv-glucnhept it ol ) 9 
biochemical oxidation, 132 
configuration, 242, 247-8 
preparation, 243 

presence in “a glurohcptulitnl’ 1 , 249 
i) (vlueo-n-tr/u-heptilol (n 0 glucohcpti- 
tol), 243 

configuration, 212, 247-8 
heptabenzuate, 2-13 
preparation, 243 
l Gluco-L-tdo hoptito), 244 
n-Glucohcptoascorbie acid, 315 
i) Glucoheptnnic acid, 2 koto, 311 
n fv-Glucoheptose, see n Glueo-n ^do- 
hep lose 

o Q Glucohcptosc, see n-Glurn-o ido- 
hrptose 

n (!luco n Quin- heplosr (n glueohep- 

tone), 

configuration, 61 
formation from glucose, 120 
Haworth formula, 57 
reduction, 243 

n-Gluro-n-fdo heptose (u 0-glueoliep- 
tosc), 

configuration, 61 
Haworth formula, 57 
reduction, 213 

“a filucobeptiilitol, 1 ’ 245, 249 
D-Glui'oheptulose, 126 
i.-GIuroheptulose, 
biological preparation, 132 
hydrogenation, 214 
oxidation by nUtalinf. oxygen, 132 
reduction, 245, 24D 

n-Gluromcthylosc, see d-GIutohc, 6 -des- 
oxy 
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n-Gluconic acid, seo also n-Gluconir arid 
derivatives, 294 
action of alkalies on, 205 
calcium salt , 
degradation, 103, 121 
preparation, 326, 344 
equilibrium with lart ones , 21)1 
fermentation, 147 
1 Art ones, 

dirert formation from glucose, 323 
equilibria in solution, 20 1 
oxidation with rhlorir arid, 327 
oxidation with hydrogen peroxide, 
330 

reduction to sorbitol, 237 
medical uses, 201 
metabolism, 20 J 

microbiological oxidation, 252, 3 13 
oxidation of twit to D-arahinosc, 103, 
121 

preparation, 321-2, 313 
from D-glucaric arid, 302 
from d glucose, 321-2, 312-3 
from lartosc, 441 
salts, 297 

n-Gluronir arid derivatives, 
arid chloride, pcul&arclRlr, reart ion 
with cellulose, 553 

2-ainino 2-deaoxv, him* n-GluroHamimr 
arid 

2.5- auhydro (ehitmir arid), .'157, 415 
3 , G-anhvdro , 352- 3 

2-dcsoxy, 265, 278 
2,3-diketo, 336 
2-keto, 311, 314 

art ion of Grignaid icagent, 319 
diiaopropylidene, 110 
methyl ester, 327 
natural oerurrenre, 311, 638 
preparation, 326, 336 
reducing power, 312 
trimcthyl el her, 200, 449 
5-keto, 311-2 
preparation, 311, 326, 344 
redueing power, 312 
methyl ester, oxidation, 311 
nitrile, pontaaretate, 411 

2.3.4.5- lelraniethyl ether, 136, 446 
alkali action on lactone, 295 
mutarotation of lactone, 293 


2,3,5,6-tetramothyl ether, 
lactone, 441 
action of alkali, 205 
mutarotation, 293 

preparation from maltobionir arid, 
444 

i.-Gluronir arid, 132 
5-keto, fiom sorbose, 322 
ur,rx,a-]i-Glurononitnl, 246 
n-( 3-lur ononil rile , penl aaect} 1,411 
o-Glucoiionosr, fermentation of, 147 
o-Glueo irfjala ortitnl, 245 
n-Gluro h Mi-octitol, 245-6 
Glueosacrharie acid, nee Glucaric arid 
i> -Glucosamine (2-am i no -2- desoxy-n -glu- 
cose, rhitoBauiine), see also Glu- 
eosainine driivativrs 
iinalyHiH and identification, 115, 417-8 
conversion to 2,5 anln dio-u -mannose , 
357 

fermentation, 147 

orrurrenco (and N-acetyl derivative), 
183 

anthrax bacillus pnh saccharide, 615 
blood ]N)lysarrbarides, 646 
chit in, 412, 610 
heparin, 642 
hvaluronic acid, 640 
muroitin sulfuric arid, 641 
polysaccharides, 512 
polymers , sec Cliitin 
preparation, 415 

reaction with N-acrtylHulfanilj'l rlilo 
ride, 382 

reduction to 2-ainino-2-deBOxysorbitol, 
421) 

structure, 113 

i) -Glucosaminc dn l vat ives , 

N acetyl, 417-8, 420 

trimcthyl ether, 647 
N-alanyl, 423 

N-a-azido-propion>l letraacetate, 123 
N-carbobcnzoxy, for aualysin, 415 
N-glycyl, 423 
oxime, arrtylatiou of , 412 
tetraacetate, 417, 423 
L-Glucosamine, N-inethyl, 413, 474 

j) -Glucosaminic acid (chilosaminir acid, 

2 - amino - 2 - dosoxy - i> - gluconic 
arid), 357, 413, 420, 421 
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P-Glurosaininidauo, 418, 400, 502 
p-CiJuroHaminidc 1 , methyl, see n-Gluro- 
side, methyl 2-amino-2-desnxy 
Glucosaminnl, sec Sorbitol, 2-ainino-2- 
drsoxy 

n-GlucosaJi (1, 5)0(1, 6), see li-Gluense, 
1,6 unhydro 

0-Glucosan, boo n-Glueose, 1,6-anhydro 
n -Glucose 1 (dextrose), see also n-Glurose 
derivatives and n-Glueusides, 06 
aeetylalion, 152 
acids, arlion on, 434 
alkalies, action on, 72 
analysis ami identification, 07, 130 
combustion data, GO 
eoniposition of equilibrium solution, 64 
configuration, 38 
of anomern, 48 
of ring forms, 52 3 
proof of, 28 

relation to other sugars, 20-30 
conversion to, see also oxidation and 
i educt ion below, 
iMiltrosc, 131, 173. 4JG 
n liudohc, 02 
ii galactose, 173 
i. glucose, 132 
u-gulnse, 174 
L gulosc, 120 
ii idnse, 174 
Lidose, 174 
u-maniiose, 127, 371 
crystallization, 07 
definition, 00 
dehydrogenase, 343 
fermentation, 146 
for production of 
bulylene glycols, 261 
galuctan, 615 
n-gluconic acid, 343 
koto o-glurnnic acids, 343 
n-glucosnne, 310 
niauuan, 615 
n-niannitol. 230, 252 
glucosi liases, arlion on, 435 
Haworth formula, 58 
historical, 1, 2, 23 
isomers, 64 
uljiha anhydrous, OK 
alpha hydrate, 97 


anomers, 97 
beta form, 97, 99 
redueible form in solution, 68 
stainless ring, 53 
manufacture from starch, 97 
mutarotation, 63-5, 07 
occurrence in, 07 

enzymic starch hydrolysates, 586 
glycosides, 470 
hemieelluloseB, 622 
oligosarrharides, 428 
polysaccharides, 512, 560, 600 
n tidal ion by, sw* also ferment at ion 
above, 
air, 292, 335 
alkaline ropper, 342-3 
bromine, 47, 92, 323, 325 
chlorine, 321 
Fchling solution, 313 
hydrogen peroxide, 336 
hypoioditc, 326 
l>ermaiiganate, 342 
oxidation to 
i) glucaric acid, 332 
u-gluromc acid, 321-2 
u-glurosnne, 336 
D-glururonic arid, 338 
tar*romc acid, 290 
phase diagram for solutions, 07 
prcparal ion, 07, 569 
alpha isomer, 97 
lieta isomer, 09 

separation from n fructose, 02 
ul ( iuiate synt lies is ,112 
i eduction to glykitols, 237 -ti 
stability in solution, 72 
structure, 23, 84 
sweetness, 02 
thermal condensation, 434 
ultimate synthesis, 112 
unit cell of cellulose, 538 
n-Glucose derivatives, 
acetates, 151, 181 
6 -acyl, 301 
of amines, 377 

2-amiiio-2-desoxy, see Glucosamine 
6 amino, 361 

1 ,2-aiihydro-3,4,6-iriacetal c, prepara 
lion, 215 
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D-Glurose derivatives, (continued) 

1.6- anhydro (levoglucosan, 0-gluco- 
san), 184, 214-^,218,438 

triacetate, action of phosphorus pen- 
tu bromide on, 184 
2,3 anhydro (opirliitose), 357 

3.6- anhydro-l ,2-isopropylideuc, 183, 
352 

5.6- anhydro-l , 2 -isopropyl idene, 183, 
361, 433 

6 -benzoate, 166 

3.5 - benzyl idem* -1,2- isopropylidrne, 
226 

4.6- bcnzylidcm a , 120, 225, 422 

5.6 - benzylidene - 1 ,2 - is opr opy lido no, 
226 

5.6- carhonatc, 107 

1,2 isopropylidcnc, 197 
complex with boric acid, 40 

1 depuxy, 1-C-phenyl 2, 3,4,6 tetraace- 

tate, 110 

2-dcsoxy, 261 

2 desu\y-2-sulfanilylamino, 382 

0-de6oxy (glucomcthylose, isorham- 

noae, isorhodeose, epirhamnose, 
quinovoHc, rhino vose), 106 
0-u-glucoHide, 434 
Haworth formula, 57 
identification, 106 
5-kcto, 373 
mu tarot at ion, 106 
occurrence, 106, 108 
osazoues, 106 
preparation, 107, 125 
reduction, 2G1 

1.6- dibromo, 
pcntaacctate, 184 
triacetate*, 184 

1.2- 5,6-dieaibonatc, 178 

diethyl mcreaptal pentaaectate, 153, 
217 

diglucosc acetate 6-carbonate, 178 

1 .2- 5,6- diisopropj'lidenc, 228-9, 318-9 

3-mctuarsenite, 182 
3-phospliatc, 179 

dimethyl acetal, 221 
dimethyl ethera, 510, 573 
diphenylphusphoryl eaters, 179 
double salt with sodium chloride, 97 
6-ethers, 361 


4,0-ethylidciie, 226 
furanosc, pcntaacctatcs, 154 

1-galloyl, 168 

4-09-D-galactosyl), see Lactose 
glueuronosyl, 307 

1- ldycyl, 422 
hydrazones, 402, 404 
isopropylidene, 197, 229 
l ) 2-iso]>ropylidene, 152, 226, 229 

3-mcthyl ether, 341 

3.5- orlhoborate ester, 183 
3 -sulfate, [83 
G-sulfate, 183 

6-toHyl ester, 183, 352 

5,6-iflopropylidenc-3 tosyl, 176 
3-inetaarsonitc, 182 

2- inctliyl cthei , 545, 517 

3- methyl elhcr, 229, 348, 515 
p-nit r oplicn\ 1 hydra/oue , 97 
oxime, 411 

acetylation, 411-2 
pcntnarct ate, 150-1, 154, IM 
IKsntubeiuoate, 165 
p(»uta (p-bromuben/uale), 165 
penUdigalloyl, 167 
pcntaKnlloy], 167 
pent mm* t liac rylat c , 170 
pcntamclhyl ether, 153 
penta (p-nit robenzoate), 165 
p-phcn 3 'luzohenzoyl esters, 165 
6-phenvl etheiR, 361 
phenyl osazone (n-glucosazune, n-liuc 
tonazone, n-mannosazono), 28, 97 
dianhydro, 409 
formation, 75, 404, 413 
monoauhydro, 410 
oxidation by copper sulfate, 408 
i eduction, 145,408,420 
tetraacetate, 407 

3.4.5- trimcthyl ether, 407 
phonylosotriazolc, 408 

1 phosphate, 179, 181, 451, 591 
tetraacetate, 179 

3- phosphate, 179, 181 

4- phosphate, 181 

5- phosphale, 181 
G-phosphate, 180, 564 

polymers, see also Cellulose, Dextrans, 
Glycogen, Starch, 513, 602 
1,2,3,4-tetraacetate, 178 
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mutarotation, 150 
oxidation, 305 

for synthesis of disarchArides, 432, 
446 

1.2. 3. 6- tctraacetate, 150 

2.3.4.6- tetraacotate, 450 

2.3.4.6- tetramethyl ether, 
alkali, action on, 73 

end group analysis, 519, 535 
oxidation, 207 
preparation from 
disaccharides, 436-452 
d - glue osyl aniline, 378 
methyl J2-axnino-2-desoxy-D-gluco- 
sido, 418 

polysaccharides, 535, 572, 002-45 

2.3.5.6- tclramethyl ether, 208, 351 
1-lhio, 473 

3-thio, 473 

0-thioalkyl p there, 361 
6-tosyl derivatives, convereinn to 5,6 
gluconocn, 373 

2,3,4 trimethyl ethrr, 444-5, 604, 616 

2.3.6- trimethyl ether, 436, 441, 444, 
532, 570, 500 

2, tjG-triraethvl ether, 44 1, 003 
6-fiityl cthci, 444 
xanthatc, 473 
L-Cilucofip, 00, 132 

2,0-didcaoxy-3-inelhy], bop Oleandinso 
1,2-D-Olucoseen, 
phenyl osazonc, 372 
tetraacetate, 360, 372 

5,6-D-CilucoBCcnidc, methyl, 373 
a-GlucciaidoaeH (maltase), 477, 506 
action on glucofurnnosides, 404 
definition, 476-7 
hydrolysis of 
maltose, 444 
sucrose, 450 
tuianose, 456 
importance, 475 

in amylase preparations, 590, 592 
measurement of activity, 485 
specificity, 507 
synthesis or 
oc-glucosides, 508 
maltose, 435 

p-Glucosidascs ('■ emulsin”, cellobiase, 
prunase, oto.), 460, 477, 480, 400 


action on 

anhydro ethylene glycol 0-glucoside, 
217 

glueofuranosidcs, 403 
activation energy, 486 
almond emulsin, 488 
chemical composition, 487 
definition, 476-7 
dissociation constants, 481, 406 
distribution and occurrence, 409, 501 
effect of buffers, 480 
effect of hydrogen ions, 480 
hydrolysis of 
amygdalin, 469 
arbutin, 466 
aryl /9-glucosides, 408 
cellobiose, 444, 558 
cellulose, 558 

disaccharides, see also under indi- 
vidual disaccharides and oligo- 
saorharideB, 407 
gontianose, 455 
gentiobiose, 440 
salicin and populin, 467 
substituted glucosides, 402 
vunillin glucoside, 467 
yeast dextran, 603 
measurement of activity, 485 
properties of, 487 

rat rs of hydrolysis of alkyl 0-gluco- 
sidos, 495 

specificity, 492, 409 
standard conditions for, 485 
synthesis of 

disaccharides, 435, 440, 508 
0-glucosidcs, 508 
yeast, 500 

D-Olucnsirics, 187, 459 
nllyl, 201 

tctraallyl ethers, 346 
aryl, 

nomenclature, 187 
occurrence, 466-7 
benzyl a-, 203 
tetraacetate, 198 
benzyl 0-, 203 
2-chlorocthyl 0-, 509 
coumarin, 467 
o-cresyl 0-, 201, 601 
p-cresyl 0-, 201, 601 
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n-Glucosides (continued) 
cyclohexyl 0-, 201 
3-cyrlohexylpropyl 0-, 201 

5- (G-desoxyglurDBP)-0-, 434 
di hydroxy ace tone, 200 
elliylriu* glycol anhydro, 217 

6- o glue two sec (vPiitiohiosc aiul 

rsomaltosp 

r? -hexyl a-, tetraacclatc, 108 
hydroquinonr 0-, see Arbutin 
o-hydroxyiuel hylphenyl 0-, hop Suite in 
indie an } 462 

mandelonit rile 0-, see Amygdalin 
methyl, 

arid hydrolysis, 202-6 
2-amino-2-dcsoxy (methyl glucosam 
inkle), 

4,6-diiuethy] ether, 413-1 
ring si ructure, 418 
ljcnz>lidenc derivatives, 221 
2 brmno, 416 

2- ilcHn\y-2-(d]mpttiy]aiiiiiio), IIS 
2.3 riimethW ether, analysis, 520 
pthylidene derivatives, 226 
“gamma”, 207 

6-iodu, 185 

meth\l ethers, analyse and sepaia- 
tion, 519 

2,3,4-trimethyl ether, from genti 
nbiose, 440 

2.3.6- trimethyl ether, analysis, 520 
methyl a-, 

aeetylaLion, 152 

3- aminn-3-desaxy, preparation, 361 

3.6- anliydro, 352 

1.6- henzylidene, 173 

4,6 1 ieiwylidene-2 , 3-ditosyl , 173 
6-bromo-triaretate, 352 
2-dcsoxy, aeid hydrolysiN, 206 
2, 3-dibenzoyl- 1-1 osyl-G-t ri lyl, 1 73 
fermentation, 147 
methylation, 346 
inonoxanthate, 546 
oxidation with hydrogen peroxide, 
305 

2,3,4,0-totramethyl ether, 346 
aeid hydrolysis, 203, 206 
analysis, 520 

2.3.5.6- tetramethyl ether, 208 
0-trityl ether, acetylation, 152 


methyl 0-, 

3.6- anhydro, 175, 177 
monomethyl ethers, optical rota- 
tions of, 515 

natural oeeurrence, 471 
G-nitio 2,3,4-triacetate, 177 
tetraaeetate, 163 
2 3. 1,6-telramethyl ethev, 
acid hydrolysis, 206 
analysis, 520 

3-tosyl-2,4,6-triaretate, 175 

2.4.6- trimothyl ether, 414 
phenyl, 

6-deaim , 493 

2 ilesoxv-2-(acetylamino), 418 
phenyl a , arid hydrolysis, 203 
phenyl 0 , S3 

arid M drnUnis, 203 
eu/ymie hydrolysis, 501 

3 ineth) I ether, 402 
2,4.6 trimethyl ethei, 492 
O-ilibhl Hilled, 493 
\auUiHl' v s, 516 

reunions, ptopcrLips, pIp , 
arid hj diolvsis, 202-6 
art i vat lou energy, acid and enzymic 
hydrolysih, 486 
alkali effect, 199,215 
analysis in planl material, 510 
configuration of anomers, 49 
enzymes, see Glycosidascs and a- and 
0-( rlucosidases 
enzymic hydrolysis, 481-3 
a-glueosidcH, 506 
0-glurosideB, 481, 491, 495-8, 501 
funrtion, 459 
hydrogenation, 201 
inorotalion constants, 83 
optical i illations, 82-7 
oxidation, 15, 212-4, 305 
pieparalion, 188, 432, 508 
stiuclure by periodic acid oxidation, 
45,212,331 

salicyl 6-benzoatc (populin), 166 
saligenin 0-, see Salicin 
strophanthidin 0-, 465 
tribromopheny] 0-, 199 
2,2,2-triehloroethyl 0-, 509 
types, 
dkyl, 
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enzymic hydrolysis*, 495 
optical rotations, 80 
ryanogcnotir, 488 
furanosidcs, 197, 20H 
"gamin a”, 207 

of hydroxyalkvl sulfonic esters, 200 
X (nit forth), see under resi>crtive 
amines, Amines, and (ilycosyl- 
amines 

natui ally orruiriiiK, 450 
alpha inoinei.s, 471 
aryl , 407 

nmliRiiratioii of V 1 , 171 
nil ro alcohols, 200 
oligosaccharides, 427 
Hi cml, 40 1 
tlkio, 472 
uiisaluralPil, 201 
tyrosine, 422 
vanillin, 107, 492-:] 

li-filuniHiik'H, art mu of enzymes on, 494 
l-Ghieosidn mammae, see l-n-Mannosc 
0-0 rIuposjiIp 
n-(i I up intone, ills 

formal ion Troin 1 ,5 -r 1> kilaiih, 305 
inln medial e in oMdutinu of o hrur 
lohp, 335 
\-(! phenyl, ;ii!i 

J (* plieiiyl-diihupinpyjidcui 1 . 019 
prcpaiation from d-rIucohc, 836 
rpapliim with fj-phcnylcnr diamine, 381 
3,4,0 Iriuipthvl i , tl»c , i I 407 
o Ci1upoh\I luomidr, 

0 liroinn-lriurclalc, 120, INI 
ictraarclalr, 160, 170 
IIIIOIIUTH, 101 

I'liiivpiHion to I ,5 i) borhilun, 300 
icartiou with 

alcohols, acids and phenols', 102 
aim no ariils, 422 
dipthylamiup, 3h5 
nipotinainidp, 385 
sugars, 432 
tyrosine, 422 
o (llucnsyl chloride, 
tpfraapptalp, 100-1 
reaction with 
liciizcnc, 110 
phenols, INK 
letratuayl, 170 


3,4 6-triacetalP, 161 
3,4,6 - triacetate - 2 - trichloroacetate, 
161 

(ilurosyl, di, disulfide acetate, 474 
Glucosylaminc, N-acPtyl, 376 
Glucosyl amine, primary (glucose am- 
monia, glucosamine), 376 
Glucosyl ethyl thiohydantoate, letra- 
aeetate, 383 

ii-Glucoayl fluoride, tetraacetate, 101 
Glurouylhydant oic aeid, 383 
Glurusylhydantoin, 383 
( 1 1 up osyliriot liiocvanate , tet l aaeet ate , 

383 

4 Glucosyl -mannose, see 4-u-Mannoac 

0- D-glucoside 
Glucothione, 473 
(ilurovaniilin, 407 

1 ilueiixazoline, 419 
/i- thiol derivatives, 384 
/i-hydroxy derivatives, 384 
n-Glururune, 310 
n-Glucuronir acid, 
haelerial conversion to n-xylose, 627 
biochemical conversion to L-xylulose, 
100 

conversion to l gulosc, 129 
derivatives, 

1 -benzoate, 166 

2,3 dimethyl ether, 634 

methyl eater, 

1- benzoyl-triacetyl, 167 
1-hromo-letraacelyl, 167 

methyl ether, 308, 623, G25, 631, 634 
methyl 2,3,4-triniPthyl-a-urniiide, 
641 

2,3, 4- trimet h> 1 ether, 633 
hydrazones for analysis, 402 
in oxidized eel lul uses, 548 
in oxidized starch, 581 
occurrence, 183, 303 
in phondroitin sulfuric arid, 641 
in rot ton seed hulls, 626 
in glycosides, 470 
in heparin, 642 
in hyaluronie acid, 640 
in oligosaccharides, 428 
in plant gums, 631 
in polysBccharideB, 512, 645 
precursor of L-xylulose, 106 
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p-Glucuronic acid (continued) 
preparation, 303, 510 
from D-glucario acid, 302 f 304 
from n-glucose, 338 

0-Glucuronidase, in almond emulsin, 490 
D-Glururonides, 
aa detoxifying agents, 500 
enzymes for, 400 
indoxyl, 403 
methyl, 207, 309 

p-nitrobcnzyl, coupling with proteins, 
420 

Glue, vegetable, see Agar 
Glutaric acids, 
hydroxy, 301 
2-mcthyl ether, 76 
Gluten, 598 

Gluten rice, glyrogcn in, 590 
Glutose, 74, 217 
GlyralB, 309 

addition of halogens, 1S4, 371 
conversion to 
2-dosoxy sugars, 128 
glycosides, 371 
definition of, 14, 360 
degradation by ozone to lower aldoses, 
123 

oxidation to 
aldoses. 128 
glycosides, 197 
preparation, 370 
Ulycal synthesis, 128 
disaccharides, 431, 442 
o-rihosc, 104 
n-talose, 128 
Glyr amines, 10, 419 
definition, 4, 15 
preparation, 377, 387, 419 
Glycarie acids, see Aric acids 
n-Glyccraldchydc, 78 
acetals of, 79, 189 

asymmetric carbons and stereoisomer- 
ism, 24 

configuration, 24, 36, 39 
equilibrium with dihydroxyacotoue, 
80,113 

as d,l reference compound, 21 
effect of alkalies, 80, 112 
other ester, 355 
fermentation, 146 


oxidation with oxygen, 335 
phosphates, 181, 394 
preparation, 125 
synthesis, 111 

L-Glyceraldchyde, preparation, 124 
Glyceric acid, 16 
anhydride Chester, 355 
1.3-diphosphate, 394 
cr-D-mannoside in algae, 472 
phosphate, 181 
preparation from 
carob bean gum, 636 
D-glucosc, 336 
Glyccrogcn, 238 
Glycerol, 10 

biochemical oxidation to di]i 3 r droxy- 
acctouc, 131 
biochemistry, 233 
borate esters, 184 
conversion to cellulose, G82 
ethers, 10 

a-D-galarlosidc, in algae, 471 
monophosphate in stareh granule, 564 
oxidation with 
hypobromitu, 327 
nitric acid, 333 
oxygen, 335 
pi operation, 250 
icaction with aeetaldchulc, 223 
for Bolubli 1 starches, 5G9 
trinitrate, 252 
Glycerosc 
definition, 18 

rormution from 1 aminopiopnne 2,3- 
diol, 359 
Glycine, 16 
ethyl ester, 

n -glucose derivative, 421 
hydrochloride, 383 
Glycine hiapidut, 
jS-amylasca, 584, 587 
p-glucosidascH, 501 
GlycofuranosideB, see Furanosides 
Glycogen, 599 

catalyst for phosphorylation, 595 

definition, 599 

enzymic hydrolysis, 601 

from sorbitol, 257 

function, 514 

molecular weight, 600 
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occurrence, 660 
in snails, 617 
optical rotation, 516 
structure, 600 
synthesis from 
n-glucose 1-phosphate, 594 
sorbitol, 267 
Glycol ahleliy ilc f 78 
acetals of, 79, 189 
synthesis, 111 

Glyi'olucllulosc, soo Cellulose, bydrnxy- 
etliyl 

Glycolic acid, 1G 
ether of starch, 580 
formation from carboxyrartliylccllu- 
lose, 557 

polymerisation, 9 

Glycol groups, oxidation, see also Peri- 
odic acid and I/cad tetraacetate, 
328 

Glyrols, see oIho Glykitols, Ethylene 
glycol, Lend lelraai»etatr, Periodic 
acid, Sorbitol, etc 
polyoxyethylene, viscosity of, 526 
unsaturated, oxidation lo dosoxy- 
glvkitolH, 2(i3 
Glvcolvwis, ISO, .393 
Glycoproteins, 183, 640 
classification, 513, 039 
definition, 610 
(ilycustunineH, 412 
acetylation, 417 
6~nrniiio, 417 
definition, 15, 375 

formation of, with lengthening of 
chain, 415 
reactions, of, 417 

synthesis from primary glycosyl am- 
ines, 415 

Ulycosaminir acid, 16 
Glvcosans (1,6-anhydro sugars, inner 
glycosides), 186, 214 
definition, 14, 187-8 
periodic acid oxidation, 217 
reactions, 218 
structures, 217 
Glycoso, 14, 16, 17 
Glycoseens, 372 
definition, 14, 369 
formation, 372 


1, 2-isomer, 372, 384 
6,6-isomer, 372 

GlycosidaBes, see also individual en- 
zymes such oa Glucosidases, Ga- 
lactosidases, etc., 474 
action on thioglycoHidos, 472 
almond emulsin, see also Almond emul- 
sin, 489, 491 
Braaaica nigra , 472 
chemical composition, 487 
classification, 476 
definition, 475, 477 

effect of substrate concentration, 476 
for determination of configuration of 
anomeric carbons, 48, 436 
for determination of structure of 
sugars, 48 

jS-glucosaminidasc, 418 
hydrolysis of glycosides during isola- 
tion, 464, 471 

hydrolysis of rnbinin and xantho- 
rhamnin,429 
inhibition, 483 
kinetic equations, 476 
measurement of activity, 484 
mechanism of action, 476 
nomenclature, 476 
Populus monohfera , 467 
Primvla sp., 469 

protein carbohydrate content, 421 
temperature effects, 485 
UlycusiileB, reactions, properties, rtc., 
see also n-Glurosidcs, 187, 459, 468 
Aclival ion energies and hydrolysis, 202 
analysis in plant materials, 510 
catalysts in formation of, 191 
configuration of 
anomers, 49 

C-i in natural glycosides, 471 
conversion to acetylatcd sugars, 198 
cyanogenctic, 468 
definition, 14, 187 
function, 459 

furanosides, see Furanosides 
“gamma”, 157 
isorotation constants, 83 
linkages, 

oligosaccharides, 427 
polysaccharides, 512 
N-glyoosideR, see also under Amines, 
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Glycosides (continued) 

Glycosylamines, and individual 
amines, 377 
reduction, 202 
nomenclature, a, 0, 187, 427 
occurrence, 510 
of desoxy sugars in, 470 
of BUgara in, 470 
physical properties, 100 
preparation, 188-09 
preparation from 
acetals, 222 

acetyl glyrosyl halides, 162 
glyeals, 197, 371 
long chain alcohols, 102, 105 
mercaptals, 105 
pyranosides, hydrolysis, 180 
reactions, 
enzyme action, 474 
hydrolysis of homoinorphs, 50 
hydrolyzable types, 494 
synthesis, 507 
with Folding solution, 199 
with hydrogen ions, 202, 483 
hydrolysis, 202, 474 
mcthylation, 207, 346 
oxidation by 
hypoiodite, 326 
lead tetraacetate, 212 
nitrogen dioxide, 334 
periodic acid, 331 
pyrolysis, 214 
transglyeosidstion, 108 
relation to 
esters, 200 

oligosaccharides, 427 
solubility, 109 
strurture, 
determination, 207 
lead tetraacetate oxidation, 213 
mcthylation, 207 
periodic acid oxidation, 45, 209 
surface activity, 199 
synthesis, 
of a-isomera, 432 
in plants, 509 

ubp for increasing solubility of sub- 
stances, 199 

Glycosides, speeifir types 
alkyl, 


in natural products, 471 
preparation, 188 
allyl, preparation, 346 
aminophenyl, conversion to diazouium 
salts, 424 

of amino sugars, 418 
anthoryanidin, 460 
aryl, 

hydrogenation, 201 
nomenclature, 187 
preparation, 18A, 194 
cardiac, 463 
(liazonium salts, 424 
ftavonol , 460 
iodn derivatives, 1H5 
naturally occurring, 459 
phenyl -a- 

st ability to alkali, 200 
tetraacetate, 199 

phenyl -0-, conversion lo nnhydro sug 
ars, 200 
resinous, 108 
Haponins, 465 
sterol, 465 
streptomycin, 474 
st rophant hidin , 463-5 
thallium nails, 348 
thio, 195, 472 
of uronic acids, 309-10 
Glyrnsidic hydroxyl, see ITemiacetal 
hydroxyl 

(llyconido, definition, 188, 427 
Glyrosyl, definition, 188, 427 
Glyrosyl amines (N-Glyconirles), see also 
under Amines, Amino acids and 
individual amines 
definition, 15 

diaeet amide derivatives, 377 
preparation, 383 
primary, 376 

reduction to glyc amines, 419 
secondary, 

addition of hydrogen cyanide, 386 
conversion to 
furanoso forms, 386 
kctoBe derivatives, 385 
nomenclature, 378 
preparation, 379 
reactions, 385 
stability, 379 
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tertiary, 

mutarotation, 386 
preparation, 384-5 
reactioiiB, 385 

Glycosyl halides, acetates (halogeno- 
acetyl sugars, acetohalogen sug- 
ars), Bee also individual deriva- 
tives as n-Glucosyl bromide, 150 
ary r lie analogs, 156 
hemiacctal, 221 
hcmimercaptal, 222 
anhydro formation, 215 
conversion to 
glycoseens, 372 
glycosides, 162, 193 
glycals, 370 

di- and oligosaccharides, 432, 438, 
441 

disaccharides, 133 
for synthesis of, 432, 438, 441 
Walden inversion in formation of, 
431 

2-halogeno, 371 
lialogeno esters, 184 
preparation, 160 
from ortho esters, 158 
reactions with 
alcohols, 59, 162, 193 
amines, 383-4 
amino acids, 422 
bonxenr, 119 
cyanates, 383 
hydrogen sulfide, 473 
phenols, 162, 193 
silver phosphate, 162, 179 
thiocyanates, 383 
reactivity of halogens, 193 
steric effects in orthoesler formation, 
103 

structure, 163 
sugar carbonates, 178 
use, 194 

Walden inversion in, 
formation, 431 
reactions, 162 

Glyeosyl halides, benzoates, 165 
Glycosyl halides, carbonates, 178 
(ilyeosyl halides, non-acetylatcd, see 
Fluorine 

(dyeosyl isothiocyanates, 384 


Glycosyl thiocyanates, 364 
Glyeylglycine, D-glucOse derivative, 422 
CRycyrrhtza glabra (licorice), 428 
Glyoyrrhizin, 428 
Glykitans, 
definition, 14 
preparation, 351 
use as humect ants, 362 
Glykitol derivatives, 

1-amino-l-desoxy-, see Glycaniincs 
anhydrides, Bee also Glykitans and 
Jlexides, 16, 252, 350, 362 
C-subatituted, 119 
desoxy (desilols), 257 
preparation, 

by tosyl -iodide exchange, 263 
from mere apt sis, 220, 203 
proof of configuration, 263 
terminal desoxy isomer, 258 
ultimate synthesis, 263 
l-desoxy-1 (arvlamino), preparation, 
387 

2 desoxy, nomenclature, 258 
diehlorohydrins, 252 
didcsoxy , 261 
esters 

acetates, 218 

drying oils and plasticizers, 369 
nitrates, 232, 252 
surface activity, 232 
ethers, 16, 256 
ctliylidcne derivatives, 227 
furylidcne, 227 
3 <r-gluroflyl-D -mannitol, 454 
nitro-, 120, 420 

rotation, increase by acetylation, 218 
sodium derivatives, 348 
Glv kit olb (sugar alcohols, polyols, pulv- 
hydrir alcohols), 16, 236 
ae I ion of acids and alkalies on, 351 
analysis, 256 
anhydridization, 362 
biochemistry, 257 

complexes with polybasic acids, 252 
conversion to 
hexidcs, 351 
ketoses, 131 
definition, 14, 17 
degradative reduction, 256 
and diArrhea, 257 
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Glykitols (sugar alcohols, polyols, poly- 
hytlric alcohols) (continued) 
esterification, 252 
formation of cyclic acetals, 223 
hemolysis effect. 257 
historical, 2 
nomenclature, 20 
opliral rotation, 183, 248 
oxidation, 254, 289 
biochemical, 131 
bromine, 322 
rnic sulfate, 340 
hydrogen peroxide, 339 
hypohalites, 327 
lead telraaeetatn, 256 
oxygen, 335-0 
periodir arid, 330, 340 
permanganate, 340, 312 
oxidation to sugars, 254 
pieparalion from 
aldvhydo- sugars, 154 
aldoses, 250 
eaters, 299 
ketoses, 250 
lactones, 299 

proof of configuration, 247 
quuni it ali\ r analysis, 256 
reactions, 252 

reduction with hyili iodic acid, 255 
relation to 
aldoses, 249 
glyroses, 3 

ad icserve cat boh j drate, 257 
sweetness, 257 
synthesis, 250-1 
Glyoxal, 16 
formation fiom 
aJginie acid, 617 
starch, 582 

separation from n-ery throne, 582 
tilynxylic acid, 

addition of hydiogcn e> oniric, 300 
ethyl ester, addition to aldoses, 121, 
315 

preparation from 
diethyl acetal, 334 
2,3-diniethylniannaric acid, 616 
i>-glucosc, 337 
Goldenrod, 91, 605 
Gossypose, see Rafflnose 


Gourd, bottle, see Lcganaria leucanlha 

Grains, starch content, 560 

G ram ini n, 606 

Granuloso, 565 

Grape, 

juice, reduction to D-mannitol, 239 
sugar, sec u-Glucose, 1, 97 
L-threaric acid in, 300-1 
wines, analysis of, 256 
Grapefruit gum, 631 
Grosses, 234, 605 

Grenzdextiin, see Dextrin, limit, 587 
Grignard reaction, 
in preparation of 
galartitol, 241 
glykitols, 251 
osones, 319 
pentitols, 235 
with 

aWe/ij/do-sugais, 119, 260 
aldoniu acids. 119 
glycosyl halides, 119 
]H»nt oacety linos oho, 276 
quinic acid, 277 
Gn'ndelia, 90 

Guanidine, n glucose dcnvutivc, 381 
Guanine, 3S8, 397 
Guanosine. 104, 388 0 
Guanylic acid, 400 
Guar, 636 

(JuJaric acids, M*e Glucaric acids 
n-Gulitol (L-Horbitol, L-glucitol), 238 
Wesnxy (l cpiihamnitolj, 258, 260 
L-tiulitol, sec Sorbitol 
1-desoxy (i> cpiihanmitol, 6-desoxy-i>- 
soihitol, 6 desoxv u-glucitol), 261 
DjiiGulitnl (n,L sorbitol, d, L-glueitol), 
238 

hexaaectate, 238 

n-a-Gulohoplitol, see d-G ala- l gluco- 

hcptitol 

n-0-GuIoheptilol, see j> Gulo-L-fcdo- 

heplilol 

n-Gulo-L-fato-hepI itol (D-0-gulohepti- 

tol), 2*15 

L-Gulo-D-tofc-hcptitol, preparation, 246 
n-a Guloheptosc, sec n-Gulo-L-pala- 

heptose 

u-|9 Guloheptosc, see D-Gulo-L-tafo- 

heptose 
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D-Gulo-ir-fola-heptOBe (D-a-gul oh up- 

tow), 244 

L-Gulo-D-pafa-heptosc, 58 
D-Gulo-L-fafo-heptosc (n-0-gulohpp- 

tose), 245 

L-Gul o-d -toto-hept ose , 68 
L-Gulometliylitol, see d Glucitol, 1-dps- 
oxy 

n-Gulomcthylose, sec n-Glucose, 6-dcs- 
oxy 

i>-Gulonic acid, 2,5-anhydro, prepara- 
tion, 357 

i<-Gulonic acid, 302 
G-dcsoxy, 
lactone, 261 

reduction to l-drsoxv-D-ghicitul, 20(1 
2,3-dikcto, 316 
2-krlo, 

conversion to ascorbic arid, 312, 317 
oxidation to L-xylonic arid, 335 
preparation from L-sorbosc, 335 

5- koto, 322 
v-Gulose, 

bromine oxidation, 325 
complex with calcium rhloiitlr, 50 
configuration, 38 

6- desnxy (u-gulomcthyloHd, 57, 125 
Haworth formula, 57 
hydrogens! iun to li-gulito], 238 
preparation from u-glurnse, 174 

l Gulosc, 30 

configurational relation tu u-glurosc, 
30 

Haworth formula, 58 
phenyl os ozone, diauhvdru derivative, 
409 

preparation from n glucose, 120 
u-Gulosidc, methyl n , jxricjiiic acid 
oxidation, 212 
L-(iuluronic acid, 302, 305 
Gums, see also Slimes, 307 
AnogtisRUB I a ti full a , 631 
arabic, 307, 631 

3-L-arabinosc n-galactoside from ,429 
composition, G31 
struelure, 633-4 
Astragulua, 635 
British, 598 
carob bean, 035 
classification, 513 


function, 514 
ghatti, 634 
locust bean, 635 
mesquite, 102, 307-8, 631, 034 
monosaccharide residues, 512 
orange, G31 
peach, 102 
plant, 630-1 
tragacanth, 635 
yeast, 614-5 
Qymmema nylunti e, 268 
Gymnorladvs dioica, 630 

H 

Hagedorn Jensen method, M3, 255 G 
Habites, foi illation from hypohaliles, 321 
Hahr acids, 327 
Halides, 

nldiunl, alt tat i s, 298 
gl ( \eoRyl, acetates. see (ihcusyl hal 
lilcR, ncet at cb 

li\diogen, action on acetates, 160 
1 Jnlngf no acetyl sugois, see t ilyrosyl hal- 
ides, acetates 

llalogeuo eMeih (halohydrinB), see also 
(ilycohvl liabdes 150, 181 
cvclilol, 281,281, 286 

1 .2- dibromoglucal, 410 

1 .2- diehloro sugars, 371 
divin.vl gl>rol, 242 
lluoro, 160 1, 131 
glvkitol, 252 

nnhvdro, 363 4 
li\ drnwisnnnlililul, 270 
lndnisolicMdes, J407 
i) mannitol, 1,6 diiodu, 286 
o,i.-maunitiil, 210 

j>licii\ ) and vanillin 6 liuloguio jS-glil- 
cohideH, 493 

piinuiry alcohol gioups, 156, 100, 1X4, 
286, 493 

anlmliu Jonuntimi, 352 
glvcuscen forms tiun, 372 
tosyl replacement reaction, 171, 3X9, 
549, 554, 593 

replacement of halogen by amino 
group, 417 

sugar carbonates, 178 
Halogens, sec also Bromine, Chlorates, 
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Halogens (continued) 

Chlorine, Halit* arid*, llypoioditc, 
Iodine, Periodic arid 
equilibria in water, 320 
oxidations, 310-20 
Halnhydrins, see Ilalogeno e.sterB 
Harnameh* nryinica , IBS 
ITamameli tannin, IBS 
Ham&inolose, 108 
Haptenea, 6*14, 040 
Harden Young eater, ISO 
Haidwomls, licinirclluloHeN, G25 
Haworth formulas, 51, 57, 174, 438 
Heart, 

iNCHO-inoHitol in, 200 
Htiinulalion by raidmc glycosides, 403 
tissue, phonpliorylaHcs, 505 
Heart, wood, hemi cellulose r, 023 
Helferirh method, preparation of arvl 
glyrosides. 104 
lit hi pomtiha, 
galactaiiH, 03, 017 
d glucosainiiiidobe ,118 
p gliicoflidasc, 501 
lleiuulin compounds, 303 
Ileini undid hydroxyl, II 
analysis in iixm'cIIuIoscs, 54S 
in 2,5 anhvlro i> mannose, 350 
in cellulose, 534 
hi formation of 
unomerh, 44 
glyeoaaub, 1H7, 21 1 
glycoaidea, 187 
oxidation of, 2K0 
in celluloHC, 547 
with h> poiwlitr, 517 
in polysaccharides, i cacl ions with 
amines and hydrazines, 518 
preferential inethylulion, 34S 
llcmiacctalh, 221 
lleinicelluloHCH, 530, 020 
itldobiuromc arid in, 300 
classification, 513 
definition, 622 

effect on properties of pulps, 622 
monosaccharide residues in, 512, 020 
llemimercaptals, 210 
Hemolysis by 
glyhitans, 363 
glykitols, 257 


JIcmophiliM influenzae, 640 
Heparin, 1S3, 642 
Hepl anuses (sept anuses), 150 
lleplanoaiiles, 210 

llcptitols, see also Higher alcohols, 242 
Kept uses, sec Higher sugars, 100 
Hosperidin, 101 

lloterngrneily , of Hi arches, 560, 561, 500, 
571 

lleleropolysaceliarides, 513, 020 
llelerosideH, definition, 127 
//hcu bramht hsih, see also Kuhbci, 200 
llexadecunoif acid, 11 -hydroxy and 3,12 
riihvdinxy, 108 

1 ,4-He\anediol, conxersion to a elhyl- 
lel rain droturan, 300 
Jlexanediol, ictrachloro, preparation 
from mew inositol, 284 
Ilevaric acids, 301 
1,4 3,G-lle\ideb (imihcxulesj, 353-1 
solubility, 300 

Hexitol anlivdride, phosphates, 170 
HexitolH, see also (ilykilols, 230 
i) fl/ffhfj-lIpMtul, 2 desoxy (2 desoxi n 
horbilol, 2-dcsoxy i» iiiaiinilol, 2 
dem>\\ n glucil ol, 5 drsnxx l 

gulitnl,5 desoxy u muiiintnl), 230, 
261 

I'omplex wilh pyridine, 250 
configuration, 250 
pent aacel ate, 201 
preparation, 220, 201 
l rf 6o- Hexitol, ],5didesoxy fdigiloxi 
tol), 202 

Hexunmic acid, see n Xxloascorbic acid 
Higher glykilols, 
deeilols, 245, 250 
licpHlulg, 212 3 
natural occurrence, S') 
nonilols, 245, 250 
octitols, 245 
structure, 247 
Higliei sugaia, 100 

conversion of n mannose to lieptoscs, 
117 

dielhyl mercaplal acetates, 210 
glycosides, acid hydrolysis, 204 
natural occurrence, 80 
nomenclalure, 60 
preparation, 116, 120 
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reduction with liydriodio acid, 24 
relation of hrplulosos aud heptitols, 

m 

llofmaim degradation, 
aldonyl amides, roc Weermnn degrada- 
tion 

quaternary luninrh, 372 
lloloeelluloBc, 021 
maplowood, 020 
xylan from, 018 
Tlolocnzyme, 39*1-0 
Holosides, definition, (27 
Homogeneity, polysaccharides, ultra- 
centrifuge, 524 
llnmomorphs, 50 
acid hydrolysis of glycosides, 205 
and enzyme hydrolysis, 191, 494 
Jloiuopoh surclmridos, 513, 602 
Honey, I 
anal \ sis, I3S 
i> fructose in. 91 
h glucose in, 97 
mrle/iloNc in. 155 

hlUTOHC 111 , 416 

Honey dew, 155 
Hnnnoiipp, adrenal cortex, Mil 
Hudson's iHorntiilinn rules, see lsornln 
tiun rules 
lluizache, 636 
Humeri ants, glyhitols, 302 
Humiiin, 71 
llyaluronir acid, 040 
Hydaiiloin, sugar derivatives, 383 
Hydrazine, see also llydrazones and Osa- 
zones, and lMienvlhvflrazidrs 
cellulosi 1 , 543 
sugars, 410 
llydrazones, 401 
kinctirs of formation, 402 
mularnlation, 404 
polysACcliarides, 518 
preparation, 402 
structure, 402 
uronic acids, 309 
use in 

identification, see also under individ- 
ual sugars, 135, 402 
quantitative analysis, 145 
resolution, 96, 103 
Hydriodic acid, effect on 


apionir acid, 471 
carbohydrates, 23- 1 
ethers, 345 
d inositol, 2X3 
f-inositol meth> I ether, 200 
mcM-inositol, 271, 283 
saccharinic acids, 75 
ilydrocellulosoH, 510 
defiiiitimij 510 
iodimictrir analysis, 547 
molecular weight, 534 
Hydrochloric acid and hydrogen chlo- 
ride, 

effect on cellulose, 515 
and glycoside formation, 189 
Hydrogenation (catalytic J 
aldonic esters ami lactones, 299 
aldonir thin eHters, 117 
«ldon\l chluridcs, 117, 298 
imlIIohc, 2(2 
h alt rose, 240 

1- rimiiiogKkilnls, '1ST 
hcn/ylidene compuiimls, 221 
luily I crytlirmiatc, 231 

catalytic isomerization of isohe\ides, 
351 

conduntol, 269 

2- deaoxy n gltirmur and, 27S 
dcsnxy sugars, 269 
di])heny1phosphoryl esters, 179 
n-galactouc diethyl inercaptal, 200 
l glucuheptulose, 244 
n-glucnsazone, 408 

n glucose, 237 
1 ,2-n-gluconeen, 360, 372 
glvcals, 371 
glycosides, 201 
glyrnsylamines, 1 19 
n-guloso, 238 

halogono derivatives of disarcliarideh, 
432, 434 

h ex ally droxy benzene, 208 
inososos, 270 
o-niannitol iodides, 280 
L-maunonic lactone, 239 
n-mannose, 239 
mercaptals, 220, 233 
octaacetyldiglucosyl disulfide, 474 
removal of 
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Hydrogenation (catalytic) (continued) 
benzyl groups, 346 
rarbobenzoxy groups, 122 
fafo-L-Borbosc pent aacnt ate, 241 
in tolal syulliesis or glykitols, 251 
d xylose, 23G 
Hydrogen bonding in 
cellulose, 545 
sucrose pectin gels, 512 
Hydrogen bromide and acetic anhydride, 
efTect on 

acetylateri glykitols, 252 
ethers, 345 
at nreli, 560 

Hydrogen cyanide, see also Cyanohydrin 
synthesis, 

addition to primary glytosylamines, 
415 

gclatiniralion of stareli, 561 
Hydrogen fluoride, hpp Fluoride, hydro- 
gen, 431 

Hydrogen iodide, Hec 11} druidic acid 
Hydrogen peroxide oxidations, 121, 335 
aldonic acids, 103, 110, 121, 431 
aldoses, 200, 318, 33h 
n-iinibinul, 202 
glycate, 128 
glykitols, 255, 313 
hpxitaus, 365 
mechanism, 337 
methyl u-glucosidc, 305 
mucie acid amide, 305 
osone formation, 313 
Huff degradation, 121 
starch, 581 

Hydrogen sulfide, reaction with acet}l 
glycosyl halides, 473 
ITydroglucal (1,5-n aorbitan, 2 desoxy), 
360, 363 

Hydroglycals, 371 
Tlydrol, 99, 439, 445 
Hydrolysis, see Acids, hydrolysis 
Ilydroquinonc, see also Quinones, 

0-n (iluroside, see Arbutiu 
oxiriation, 466 

Hydroxyanthraquinone glycosides, 4G9 
Hydroxylamine, reaction with sugars, 
see also Oximes, 410 

Hydroxyl groups, sec idso Primary, Sec- 
ondary and Tertiary alcohol 
groups, 


analysis in cellulose, 548 
reactivity in esterification, 150, 152 
Hydroxyothyl ethers, cellulose, 556 
llydroxyiuethylfurfural, 69-71, 145 
llypohroniitc, see Bromine 
Hypochlorite, see Chloriue 
IlypohalitcH, 

equilibria with halogens, 320 
oxidations, 323 

llypoioditcs, sec also Iodine, 144, 323 
analysis of 
aldoses, 114 
u -glucosamine, 418 
end group method, 517 
equilibrium with iodine and inflates, 
320-1 

oxidations, 
aldoses, 324-6 
ascorbic acid, 292, 310 
cellulose, 547 
p -glucose, 326 
glycosides, 320 
haniAinoloRc, 168 
5-keto-L-gttlnetonie arid, 311 
maltose, 326 
stnrrh, 581 

reaction w r ith Selin rdingei dextrins, 593 
llypn unit bine, 388 
N-riboflide, 181 

I 

Idncin, 93 

u-Idaric acid (u -tdn-sacoharic acid), 301 

2.5- auhydro, 357 

L-ldario acid f l-a' do-saccharic acid), 301 
i>,L-ldaric aeirl fD f L-ido-Baerliarip acid), 
272-3 

Identification, sec Analysis 
l , 4-3 , 6-L-Idi de (1 ,4-3 , 6-dianhydro-L-idi - 
tol), 354 
D-Idilol, 

configuration, 237 
hcxaaretalo, 240 
preparation, 240 
L-lditol, 

2.5- anhydro, and derivatives, 355 
1,4-3,6-dianbydro, see 1,4-3,6-L-Idide 
hexaaretate, 240-1 

occurrence, 240 
separation from sorbitol, 241 
tribenzylidene, 240 
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L-Ido-n-pufo-hcptose, Ilaworth formula, 
57 

L-ldo-n-ido-heptose, llaworth formula, 
57 

Idomuca vrisabensis, 10K 
n-idonic acid, 2,5-anhydro, 357 
ldosacrharic acids, two Idarir acids 
b-Idosaminic arid, 357 
n-[dose, 

3-ainino-3-dosoxy, 41 1 
configuration, 38 
6-dosoxy, llaworth formula, 57 
Haworth formula, 57 
preparation, 174 
reduction tu n idilol, 210 
L-Idoso, 

llaworth formula, 5S 
proparatiou from n-glurnse, 17-1 
Illteium rcUgioxittnt, 271 
llhcium verum, 271 
Imniuiiologiral polysaccharides, 425 
Indiran, 402 
indigo, 4G2 
Inks, printing, 550 
JnoHinc, 181, 388 
enr.vmir synthesis, 38!) 
lrtobiiiic acid, 301 
Inositol, see mcao-Inositol 
d- Inositol, Oa-Inositol), 2 hi 7, 273 
d, l- Inositol, occurrence, 200 
i- Inositol, see meso- inositol 
f-lnositol, 264-7, 273 
i/irfto-Jnositol (damhose, phascomannilc, 
/-inositol), see also Cyclitols 
biochemistry, 287 
conversion to hromnhenzcnc, 283 
derivatives, 
arotates, 281-2 
C- methyl-, see Isomylilitol 
ethyl ethers, 285 
halides, 281-2 
hexaaeetate, 270, 281 
hexaphosphatc, 200 
methyl elhtfts, 208, 285 
moQoisopropylidcne tet raacetat e, 

272 

nitrate esters, 284 
phosphate esters, 28*1 
double salt with basic load acotatp, 284 
fermentation, 147 
nomenclature, 264-5 


occurrence, 206 
oxidation, 270-2 
biochemical, 132 
periodic acid, 277, 331 
perspective formula, 201-5, 207 
preparation, 208, 270-1 
proof of configuration, 272 
reactions, 271, 284 
reduction, 271 
Scherer color tesl, 271 
yeast growth factors, 2.80 
inosose, 

burinoBOHf, 132, 208-70, 273, 270, 280, 
283 

epi-mrw uumoee, 200-70, 283 
Insects, chit in in, 513, 011) 

Inula, 513 

Inulases, 478, 483, 505, 005 
Inulin, 005 
acid hydiol.\sih l 210 
i liuisifjcatinu, 513, 005 
end RioupH, 518 

enzymic hvlrohbis, 483, 501, 005 
D-fructoMJ from, !)1 
function, 514 
ghcoriidic linkages, 512 
mclli^Jation, 318 
occurrence, 005 
struct ute, 006 
Inversion, definition, 449 
lnvnrtasc (0 fruclofuruiiosidnse), 477, 
503 0 
act ion on 

fructnpyranosides, 491 
gent ianobc, 455 
inulin, 504 
raflmose, 457, 501 
stHchyose, 458, 504 
sucrose, 450 
activity, 483-5 
chomiciil composition, 488 
HTcrt of 

hydrogen ions, 483, 504 
water concent rati ou, 483 
importance, 475 
kinetics nf hydrolysis, 504 
preparation, 503 
use for analysis, 138, 510 
Invert sugar, 447 
analysis, 138 
definition, 138, 440 
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Invert sugar ( continued ) 
isolation of D-frurlose, 02 
reduction (o i>- mannitol, 230 
Indie acid nxidaliniiH, 327 
Iodine, fire also Hypoioditc 
activity in amylnw mid ainylnpcctin 
solutions, 567 
eolor tent, 
amyloid, 546 
glycogen, 506 
tirhardingrr dextrins, 503 
starch, see Starch, iodine complex 
liioiioformalc, 570 
effect on 0-AmylaHC, 588 
eJTeel on lyrosiiie, 5H0 
equilibrium in water, 320 
oxidation of asenrbir ucidfi, 316 
lodo derivatives, see under I lain genu 
f ‘stern and s]M.'cifir eompounilH 
lrtdea lununartoidcx, 63 S 
Iridophyciu, 632, 630 
Iiisin, 607, 617 
/n« pMitdoaroi u *, 607 
Isinglass, Japanese, we Agar 
Isiiryaimles, 
derivatives, 3X3 
re ae I ion x\ it li rellulow, 551 
Ifioduleil, we l Hhanmose 
Isoglucal, 371 

'sogluciisumine. see n Fructose, 1-auiino 

1-dcHO.xy 

Jmiliexidea, we 1, 1-3. 6 Ilexidrs 
Isoiiioriitol, 270 

Ismnaltuw, 434, 444, 588, 501, 504 
lsonjunnide, see 1 ,4-3,6 n-Mumiide 
lfiomylilitol, 267, 260, 276 
hvdrnxy, 260, 276 
Ibopriiiieverow, 1 33 

Ifiopropylidene (acetone) roinpmiiidfi, 22K 
acid hydrolysis, 220 
uric and uldonic acids, 27S 
eoinparison with carbonates, 17S 
eyrlitolfi, 272 , 275 , 277 
kelo acids, 317 

reaction with trityl chloride, 340 
shikimic arid*. 278 
sugars, 228 
for u w in 

diHureharide syntheses, 433 
partial methyl at ion, 348 


lsorhainnotin, 461 

n-lKorliamiioye, we d -G lucose, 6-deuoxy 
lHorhmlenw, we D-Glurnsc. 8-dcaoxy 
lHorotalion rules of Hudson, 48, SO, 161, 
413,450 

IsoHaecharic acid, we n-Mannarie acid, 
2.5-anhydrn, 357 
IsoHacrharinie acid, 76 
IsoBorhiile, see 1,1 3,6 Sorbide 
IfiusurroHO, 450 

iHolhioeyanate, glycosides, 472 
Ivory mils U'htilelcphus man oca r pa) 
liiannanH, 514, 614 
mannose from, l(N) 
pyrolysis, 215 
I vi berries, 03 

J 

•lalapin, 108 
Jalap resin, 108 

Jasmine, white, Hturhynw in, 458 
Jellying power, pert ins, 608-0 
Jerusalem artielioke, 01, 605 
Jute, 00 

K 

Katlhin a japomeu, 12S 
Kelps, we Algae, marine 
Kentucky coffee lieiin, 636 
Ketazines, 110 
Keleitc, for aectylalion, 1.52 
Keln aldmiie acids, we also under (ialuc 
tonic, Gltieunir and Gulnnir acids, 
16, 310 

action of ucids on, 300 
definition, 15 
2, 3-dike to, 316, 33ti 
enolizntion and laelouization, 314 
intermediates in oxidations, 335 

2- kelo, 3JI 2, 311, 327 

3- keto, 314, 315 
5-koto, 311, 322 , 345 
lactones, 312 

methyl est ers, 312 $ 

occurrence in preparation nr uldonic 
aridfl, 322 
preparation by 

hydrogen peroxide oxidation, 336 
hypniodite oxidation, 326 
inieroorganiKius, 343 
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nil ric acid oxidation, 333 
relation to ascorbic acids. 314 
2-Keto aldoses, hop (tames, 15 
Keto caters, reaction with nicrenplals, 
210 

Ado-n -fructose, 

1-desoxy-tel ra&ret at c , pro para t inn, 

155 

diethyl mereaplal pent mice I ate, reduc 
tion of, 261 
lientaacelate, 155 
A'rfii-ij sorbose, pent aacrt ate, 241 
Ado-sugars, see alao under Aldvhydtt 
Ketones, reaction with carbohydrates, 
1S6, 222, 228-31 

Ketoses, hoc also specific compounds, 
Fructose, Sorbose, etc 
carhoeydir, hcc Iiiohohc 
configuration, 41 
drfinitimi, 14, 10 
1-desoxy, US 
ti-desoxy, 125 

glycosides, reaction w it li f it niiiiini 
tetrachloride, 108-0 
n-maiinoheptuloHe, 100 
\ -derivatives by Amadnn rearrange 
inent, 585-0 

nomenelafure, 14, 18, 62 
OHiizonr formation, 105 
oxidation by iodic acid, 527 
preparation from 
aldoses in alkali, 126 
glykitols, 151 2, 255 
OHones, 132 

reaction with hydrurine, 110 
relation to 
aid ouch, 60 
Klykitols, 3 
kelu acids, 311 

resistance to bromine mid hvpniodilos 
126, 322, 326 

Kednheptulose, 110 
syntheses, 111, 118,208 
teat for, 135 

Keturonie acids, see Keto aldonie acids 
Klcin-Acrec method, 145 
Kuechl’s roinpound, 550 
Koeni gs-Kn or r reaction, 162, 164,188,103 
application to 
I. arabinoHe. 103 


heplaiiuses, 156 
orthoestars, 15K 
synthesis of 
ainygdulin, 468 

disaccharideH, 432, 438, 442, 146, 14!) 
a-glycosides, 432 
Kojic acid. 372 
Kotijak man nun, 61 1 41 
Knnjak meal, 616 

L 

1 ill hi oho, 42 H 

Lacquers, ccllulosir, 548. 551 -2, 556 
hartal, 442 

LnrUiuu* vvlrmub, 244 
Larlascs, sec 0 ( 1 al act obi liases 
Lactic acid, 10, 78 
formation from 
glyreraldchydr, 80 
ghrngcn, 303 
n-xylose, 105 
INdyinerizatiniij 0 
i .-id) Lactic arid, 263 
configuration. 42 
Ludilol (lactositol), 13, 107 
Liirtohionir acid, 141 
calrium salt, 

double roinpound with cilcium bro 
mide, 21K) 

oxidation with hydrogen peroxide, 
431 

cnzMiie hwlrnUsis, 107 
LartnHavin, see Riboflavin 
Lactone rule, 200 

Lad ones i Her also under \ldonic, Anc, 
Ascorbic, Keto aldonie and Tronic 
acids), 202-6, 31(8 13 
preparation, 204 
directly from aldoses, 32.1 
fi imi In drnxiilcN, 208 
hI eric effect in, 353 
quiiiic acid. 277, 284 
Hirurture in cardiac glycosides, 464 
use in Htructural determination of al 
doses, 47 
LarlOHc, 444) 

art ion of alkalies on, 76, 431 
bromine oxidation, 325 
poinpoHition of equilibrium solution, 64 
formula, 440 
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Lactose (continued) 
historical, 2 
hydrolysis, 
acid, 437, 443 
enzymic, 497 
metabolism, 442 
mutarotation, 64 
occurrence, 440 
octaacetate, 161, 131 
preparation, 440 
pyrolysis, 214 
structure, 441 
synthesis, 

chemical, 433-4, 441 
by mammary kUuiiI, 94, 173, 442 
sweetness, 02 
Lari osides, 217, 407 
Lactositol (lactitol), 13, 497 
Lactulose, 431 
enzymic hydrolysis, 197 
furanosc structure, 48 
preparation from lnrtosc, 126 
Lagenaria leucantha , synthesis of glum 
sides, 500 
Laminaria , 428 
Laminarihiosc, 420 
Laroiuarin, 40, 515-6, 631 
Lanata-gly coside C t 4G3 
Lane andEynon, reducing sugar method, 
142 

Larch, 03, 455, 628 
Lanx occidental it, see Ijareli 
Lautu* pcrsca , 109, 214 
Ticarl acetate, basic double salt with 
7/ieso-inosit ol , 284 
J<ead oxide oxidation, 240, 290 
Lead tetraacetate oxidations, 328 
acetamide derivatives of n -glucose, 377 
cellulose ethers, 554 
eonduritol, 275-6 
eyelitols, 280 
di lonyl-2, 5-iditan, 355 
glvrosides, 212 
glykitans, 365 
glykitols for analysis, 256 
m mo -inositol derivatives, 272 
methyl 2-trityl 0-L-furoside, 349 
quinic acid derivative, 277 
use in preparation of lower aldoses, 124 
leather, artificial, 551 


Leaves, 

cellulose content, 529 
coloring matters in, 466 
LeBel-van’t Hoff theory and optical ac- 
tivity, 2, 24-5, 27, 255 
Lemon flavin (quercitrin), 108, 461 
Lemon gum, 631 

Lengthening carbon chain, Bee Carbon 
chain, lengthening 
Leuconoetoc citrororuB , doxtrans, 603 
Irfuconoatoc dextranicuB , dextrans, 603, 
642 

Lcuconoatoc mesenlcroidct, dextrans, 519, 
603, 643 

Lcuconontoc sp., conversion of sucrose to 
dextrans, 643 
JievaiiB, 513, 601 
lievulinic ucid, 69, 70, 369 
liCvulosp, sec n Fruclose 
Lirhunin, 529, 602 
classification, 513 
enzymic hydrolysis, 550, 602 
function, 514 
liirthylalion, 348, 602 
oceurrenre, 602 
Lichens, 234, 602 
Licorice, see fflycynhisn glubia 
Light arallcring method, molecular 
weights of polysarcharides, 527 
Lignin, 530, 62(M 
Lignoeerir acid, 95 

Lily bulb slareh, ainylosc content, 567 
Lime, Rslts of fruelose and surrosc, 01, 
448 

1 limes, mclcziloso from, 455 
Limit dextrin, see nlso DextrinB, 587 
0-amylase hydrolysis to isomalt ose, 
588 

Linseed, see Flaxseed 

Lintncr method, 0-amylase activity, 589 

Linincr starch, 569 

Liquefy ing amylases, see Amylases, 589 
Liquefying power, u -amylases, 580 
Lipides, brain, 183 
Lithium derivatives, of sugars, 348 
Lithium halides, effect on cellulose, 545 
Lithium thiocyanate, addition com- 
pound with rellulose, 545 

Liver 

aldolase, 114 
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ueorbic acid in, 316 
dehydrogenases, 343 
fatty, 236 
0-glucosidases, 602 
glycogen in, 560 
mho - inositol in, 266 
nucleases, 104, 307 
nucleosidase, 181 

nucleoside phosphorylaseH, 389-00 
phosphorylaBe, 594*5 
Lobry de Bruyn and Albcrda van Kken- 
slein transformation, see Alkalies 
Lobster shells, 415 

Locust, see Robmia pseudoacacia, 428 
Locust bean gum, 035 
Locust honey, 630 
Lungs, mctfo-inosilnl in, 200 
Lupines, see Lupin ms 
Lupinui rsp. (a IbunJvtcnK, etc.). 458,471, 
627 

Lutcic acid, 643 

Luteose, 043 

Lymph, u-glurose in, 97 

L-Lyxoketose, Bee l Xylulose 

u-Lyxose, 

bromine oxidation, 325 
composition of equilibrium solution. 04 
configuration, 38 
fermentation, 146 
Haworth formula, 57 -8 
mutarotation, 04 
preparation, 121 
reduction to n-arabilol, 235 
J< Lyxose, 

and ascorbic arid, 317 
llawortii formula, 57 
occurrence, 89 
in yeast nucleic acids, 397 
n-Lyxosides, 204 
n-Lyxuloge, sec » -Xylulose 
Lyxuronic arid, 305 

M 

Madagascar manna, 241 
Madder, 428, 469 

Maillard reaction, see Melannidin rear 
tion 

Maize, see also Corn, 
malts, a-amylases, 585 
Btarch, importance and uses, 560 


Maleic acid, 900 

Malic acid, 42, 299 

Malonic acid, in |M>lysaccharide, 643 

Maltose, see a^ilucosidasc 

Malt it ol, 13 

Maltobionic acid, 

ralcium salt, by hvpoiodite oxidation, 
326 

from maltohexonic acid, 5H8 
2-kcto, 311 
methylated, 436, 444 
Mallohcxonic acid, 588 
Maltose, 443 
action of alkali, 76 
amine derivatives, 378 
analysis, 143, 147 

compoHilionof equilibrium solution, 64 
enzymic formation from starch, 569, 
583 , 5H6-7 

enzymic hydrolysis, 507 
en/ymic synthesis, 435 
mutarotation, 64 
occurrence, 443 
oxidation by 
bromine, 326 
periodic acid, 134i 
pieparutiou, 
from glycogen, 001 
from starch, 569 

b\ thermal roiiilensation of glucose, 
434 

reduction, 454 
htructure, 443 
illness, 92 

Malloside, meth>l heplainethvl, 436. 443 
Multosyl bromide heptiuu'etuie, 509, 600 
Maltotriuse, 588, 5!M 
Malls, see Barle\, Maize, Oath live, 
Sorglium, ami Wheat 
Malt sugar. see Mabuse 
Mammary tissue, syntheses ol lactose by, 
W4/l73, 142 

Maudelonitrile glycosides, 469 
Manganese dioxide, oxidation of d-quer 
citol, 280 

Mamhot sp., starch in, 560 

Manila cellulose, molecular a eight, 533 

Manna 

aBh, see Fraxinu* ornut 
eucalyptus, raftinosc in, 457 
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Mnima (tmlinued) 

Marlagaarar, 241 
wood, nip Ip 7i 1 (jim 1 in, 455 
n Maiinamiuch, 386 7, 120 
Mannana, 61 HI 
function, 51 1 
fcalurtn , 036 
glueo-, 010 

molecular neight, 620 
nomenclature, 513 

i) M imnar u* arid ( mi ri/i mi Kiipplinrir arid, 
inamiowiiTliarip acidj 
2 5 an In dm, 357-S 
2, 3-dimethyl ether, 016 
lueloiiPM, 302 

preparation 1>> oxidation id ii-inan 
now 1 , 335 

pi not of piiiifiKuralion. 31 
reduction, .‘101 

1 ,4-3,0 ii Munnide (1,4-3,0-dianlivdio 
(i nut noil id, 1,1 3,0 u iniiunitiin), 

m 1, m 

2 5-dirhlnro, 304 
diforiuaip, 307 
2,5-diindo, 367 
ililiuii lit r and dint ramie 307 
dim I rate, 305 
phosphate eater, 304 
tOhjl I'htlTh, 171, 307 
MuiiniiiiitriiiHC*, 428, 458 
ii Maunitun, lath arid eaters, 367- S 
I I Ij Mannilnn 13,0 i> inaiiiiitaii), And 
pal era, 351, 36/4-0 
1,5 n Mannitun (atyrarilul i, 

HPtiun of Irulriodic arid, 301 
occurrence, 360 
oxidation 305 6 
prppHriilimi, 300, .372 
let rani t late, 304 

ii Mannitol, kpp also o Mannitol doiiva 
lives, 238 10 
hincheuuHtrx , 233, 257 
configuration, 237 
ponvpraioD 1o cellulose, 002 
methyl at inn. 250 
occurrence, 230, 452 
oxidation, 255-0, 335. 33K. 340 
preparation, 230. 252 
ipianl it alive analysis, 256 
reduction with hydrogen iodide, 23 


rotation, 238, 248-0 
structure, 255 
n-iMaiinitol derivatives, 

3,4 - henzylidene - 1 .0 - dilienroyl - 2,5- 
metliylene, 53 

complex with boric acid, 254 
l-deaoxy (n-rhanmitol), 
eonfi munition, 258 
dihciizyliilene, 230 
preparation, 200 
trihydrate. 206 

2 deHO\y,m wb-aiahu lle\itol,2 iIphdxx 
I 4 3.6 dianhvdro, see 1 4 3,0-n-Man- 
nide 

1 ,0-di benzoate, 254 
convention to 

1 4-anhydro derivative, 351 

2 5 anliydrn derivative, 355 

2.3 4.5-dilieiiz>lidpiie-1 ,6-diiodo, 280 
1.6 dichloroliydrin. reduction, 304 
1 ,0 didcaoM , 280 

I 0-diimlohy ilrin, dimethylene, 280 
1,2 5 G-diiRopriipylidene, 124 
ilinielaborate, 254 

0 glurnsideH, 454, 508 
hevaaretate, 230. 252 
hexarhlornliydrin, 252 
nionoborale, 254 

nil rat ea, 170-7 

pent uinet Ini, met h\ la lion or, 347 
selenite ester, 252 
1 ,2,5,6-lrlrarhlorohydrin, 304 
J p t oh 1 ami no (//-lolvl n mammininoi, 
386-7 

un saturated cldorohydriiiH, 252 

i. Mannitol, preparation, 230 
l-desoxy fi.-rbaiiinhol), 260 

1 25 6 diiHopiiip\lidene, 121 

ii. h Mannitol, 2/10-40 
MannocaroloHe, 014 5 
Muiinoryelitol, 205, 207, 280 
Muimo-galurtaiiH, 0/10 

u-a Mannnheptitnl, nee n-Perwitol 
o 0-Mannoheplitol, aee i> Volemitol 
ii Manno o gala heplilo], see ii IVraeilol 
1-detMixy (i n fueoliexitol i, 250, 201, 
203 

i. Mhilviii L-gala heptitol, hop L-Perseitol 
n. i Mamin-prihi heptitol, nee li.i.-Per- 
H€*i I 111 
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o-Manno-D-tafo-heplitol, see u-VoIemitol 
u-ar-MaimoheploBc, see n-Manno-D-po/a- 
heplosr 

ij-a-JVlaiuioheptoHe, see L-Manno-L gala - 
heptose 

n-jtf-MannoheptoHe, see li-Manno-D-Zcdo- 
heptose 

n-Manno-D - 0 afa -heptane (u-a-numnn 

heplosc), 58, 117, 244, 261 
L-Manno-L-pafa-heplose, 244 
n-Manno-D-fafu-heptose o>- 0 -mannohep- 
tosel, 68 , 117, 244 
o-MannoheptuloRe, 106-1 JO 
ii Mannoketoheptose, hop o-Mannohep- 
tulose 

L-ManuoiiipLhylosc, sop n-lihaniiiosr 
D-Mannnnir arid 
aclion of alkalies on, 205 
2,5-anhydnj frhitonie arid), 357, 411 
equilibrium with liirtuneH, 204 
2 (glyevl amino), enzymic hydrolysis, 
121 

i -I ur lour, nptiral rotation, 60 
A-Isrtofir, 

rrdurlion to iMiiaimilol, 230 
3,1.6 triniothyl other, 167 
inolliylalod lartoiieH, 157, 203, 203 
oxidation, 333 
preparation 312, 344 

li'Manuonir lactone, hydrogenation In 
n-niaimitol, 230 
Manno irranno-ortitnl, 245-6 
MaunoHAocharie arid, sop Mannaric arid 
n-ManiiOHaminr (cpiglurosanitne), 357, 
416 

n-Maniinnaminir arid (opirhitoaaminic 
arid, 2 amiuo-2-dpsoxy-D-man- 
nonir arid), 357 

n -Mannose, bop aluo n-Maiinosc doriva- 
tives, 00 
analysis of, 401 
anomers, 90, 100 
biochemistry, 101 

oomplex with calcium rhloride, 59 , 100 
rompositioii of equilibrium solution, 64 
configuration, 38 
effect on reactions, 101 
proof of, 33 

relation to o -glucose and d - fructose, 
29 


conversion to lieptosps, 117 
fermentation, 146 
furanose structure, 46 
Haworth formula, 57-8 
historical, 2 
identification, 100 
mutarotatinn, 64, 119 
occurrence in 
hemicclluloscs, 625 
polyps rcharidcH, 100, 512, 031, 635 
seaweeds, 107 
tubercle bacilli, 645 
optical rotation, 60 
oxidstion by 
bromine, 323, 325 
fungi, 344 
oxygen, 335 
preparation from 
D-glucal , 370 
o-glurosr, 126 
ivory nuts, 100 
ii-iiianuitol, 338 

methylated polysarchnndr, 617 
n ManmiHP derivatives, 
l-amino-4-dosoxy, 114 
1.6 auhydro-2,3 isopropylidene, 215, 
138, 442 

2.5-anhydro, preparation, 359, 414 
anhydro hydrazone tetraacetale, UK) 
benzyl merraptal, optical rotation, 60 
L-rhloro-diearbonate, 178 

2.3- 5,6-diearhonaLe, 178 

2.3- 5,G-diisopropylidcnr, 228 

3.4- dimelliyl ether, 615 
hydrazoneu for analysis, 402 
f-n-mannose 0-D-galactoside, 433 
4-n-mannnHe 0-n-gluroHide, 431, 433, 

497 

methyl J, 2- orthoa relate *1,4,6 triare- 
tate, 157, 163 
orthooHtcrs, 101, 157 
oximo, acetylation of, 412 
phenylhydrazone, 100, 136, 402 
phenyl osaz one, seo n-Glucose, phenyl- 
osezoiip 

1 -phosphate, 180 
polymers, 513, 614 

1.2.3.4- tetraacetatc, oxidation, 305 
2,3,4 ,8-tetramnthyl ether, 73, 614-6 
trimethyl ethers, 
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u-Mannoae derivatives (continued) 

2. 3. 4- isomer, 615-6 

2.3.6- isomer, 614, 616 

2.4.6- isomer, 615 

3.4.6- iBomer, 157, 615, 647 
D'L-Mannose, ultimate synthesis, 112 
L-Mannose, 

configurational relation tn n-aralrinoso, 
29 

6-dcsoxy, see L-llhaninosc 
reduction to L-Mannitol, 239 
nr-MannosidaBe, 
effect of hydrogen ions, 489 
occurrence, 502-3 
stability to ultraviolet light, 490 
jS-Mannosidase, 506 
n-Mannosides, 

glyceric acid a-, in algae, 472 
methyl, 

2,5-anhydro (methyl chitoside), 350 
furanoBides, 206 
reaction with furfural, 227 
methyl a , 100 
acid hydrolysis, 204-6 

2.3- isopro]iy]idene, 306 
optical rotation, 6(1 
oxidation, 306 

by periodic acid, 212 
of 2,3,4-triaoetate, 305 
preparation from n-glucal, 197, 371 
tetrametbyl ether, 206 

2.3.4- triacetate, 305 
methyl 0-, 

acid hydrolysis, 204-5 

2. 3- anhydro-4, 6-dimethyl, 413 
n-Mannosyl bromide, tetraacetate, 163 
n-MannoByl chloride, dicarbonatc, 178 
Mannurone, 310 

D-Mannuronic acid, 

2,3-dimethyl ether, 616 
methyl glycoside, 326 
occurrence, 303, 512, 616 
polymers, see also Alginio acid, 613, 617 
preparation, 303, 616 
Maple, 

sugar, see Sucrose 
wood, holooellulose, 625 
MatezodamboBe, see d-Inositol 
Medicago saliva (lucerne, alfalfa), 502 
Melampyrite, see Galactitol 


Melampyrum, see Galactitol 
Afelampyrum nemoromm , 241 
Melanoidin (Browning, M&illard) reac- 
tion, 375, 421 

Melozitose, 437, 453, 455-6, 504 
Melibiases, sec a-Galactoridases 
Mcli bionic acid, methyl ether, 445 
Melibiose, 445 
acid hydrolysis, 437 
enzymic hydrolysis, 505 
formula, 445 
occurrence, 445, 457 
preparation, 445 
synthesis, 432 
Mclilotin, 468 
\felilatus altissima, 468 
Melitriose, sec Raffinose 
Membranes, see Films 
Menthol, for fractionation nf starch, 566 
Mereaptals (thioacetals), 218 
conversion to 
aeelals, 195, 221 
nldchydn derivatives, 153 
desoNy-glykitols, 220, 263 
glyroHidefl, 195 
lormnlinn, 154, 1K6, 218 
of hydrolysed polysarrhii rides, 618, 572 
Mercerized eottnii, 544 
Mercuric sails, 

catalysis in Koenigs- Knurr synthesis, 
104 

dispersant for starch, 571 
removal of thio&lkyl groups from mer- 
captals, 195 

use in furanosido formation, 196 
Mesa compounds, definition, 27 
Mesquite gum, see Gum, mesquite 
Mesyl (methanesulfonyl) esters, 170 
Metabolic processes, glycosides in, 459 
Meta effects of phenyl glucosides, 88, 499 
Metasaccharin, 274 
Metasaccharinio acid, 76, 274 
Metasacoharonic acid, see n-Galactaric 
acid, S-deBoxy 
Methacrylate esters, 170 
Methanesulfonyl, soe Mesyl 
Methose, see Fonnose 
Methylarbutin, 188, 466 
Methylated lactones, mutarotations, 298 
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Methylation (for structural analysis), 
519 

ag&r, 637 

arabo-galaotan, 628 
ascorbic acid, 316-7 
cellulose, 531, 535, 555-0 
amorphous areas, 540, 542 
dextrans, 519, 604 
glucosylaniline, 378 
glycosides, 207 
gum tragacanth, 635 
hemioelluloses, 626 
isopropylidene sugars, 229 
ivory nut mannan, 614 
mairaaiis, 614-5 

oligosaccharides, see under individual 
sugars, 435 
pectins, 610 
phenyl osazones, 407 
polysaccharides, 519, 574 
from glycoproteins, 647 
oxygen effeet, 535, 574 
starch, 579 

Methylation methods, 346 
demethylatinn effect, 285 
effect of oxygen in, 535, 574 
end group analysis, 519 
partial methylation, 348 

Methylene blue, 

for analysis of carboxyl groups in 
polysaccharides, 518, 548 
color test, 135 

Methylene derivatives, see also Formal- 
dehyde 
cellulose, 557 
cross-linkages, 657 
cyclitols, 284 
sugars, 224 

Methyl ethers, see also individual sugars, 
346 

ascorbic acid, 316-7 
cellulose, 531, 555-7 
cyclitols, 285 
demethylation, 285, 345 
enzymic hydrolysis of methylated 0- 
glucoeides, 492-3 

d - glucuronic acid, 623, 625, 631, 634 
glycosides, 207-9 
glykitols, 256 
msso-inositol, 285 


occurrence in natural glycosides, 470 
preparation, 346 
starch, 579 
uronic acids, 307 
Methylfurfural, 145 

Mcthylglyoxal (pyruvic aldehyde), 72, 78 
phenylosazone from glutosc, 75 
Methyl iodide methylations, 196, 347, 579 
Methyloses (u-drsoxy sugars), see also 
Deaoxy sugars and individual su- 
gars, 89, 106 
definition, 18 
disaccharidos, 432, 431 
glycosides, 206, 349 
preparation, 125, 184 
Met hylpentoscs, seo Met h\ loses and 
Desoxy sugars 

or-Methylphcnylhydrazine, for analysis 
of sugars, 402 

Methyl Bugsrs, see under individual sug- 
ars and glycosides 
Methylsulfonyl, sec Mcs)l 
Micelles, iu cellulose fiber, 530 
Mirhael synthesis, phenolir glycosides, 
188,193 

Microorganisms (bacteria, fungi, yeasts), 
see also Dehydrogenases, Fermen- 
tation, Yeasts, and specific organ- 
isms 
action on 
aldoses, 230 
carbohydrates, 146-8 
celluloses, 558 
d,f-quinic acid, 271 
glykitols, 233, 257, 363 
containing 

aldobiuronic acids, see Aldobiuronio 
acids 

amylases, see A sprrgiUus vryzcw, 478, 
584 

chitin, 412, 513 

D-glucosamine, 412, 415, 639-47 
a-glucosidaseB, 507 
0-glucoadascB, 501 
glycogen, 509 
pectic enzymes, 612 
polysaccharides, 514, 602-4, 606, 689- 
47 

streptomycin, 474 
culture media, agar, 636 
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Microorganisms (bacteria, fungi, yeast*), 
(coniinu&f) 

decarboxylation of » -glucuronic acid, 
027 

fermeimtiou of pentoses, 027 
formation of 
butylene glycols, 201 
cellulose, 602 
dextrans, 60S 
glykitolH, 239 
hexitols, 252 

kclo-n-gluronir acids, 811 
IcvanH, 605 
niannanH, 614-5 
polysaccharides, 125 
sucrose, 451 
urouic acids, 305 

gly cosy 1 amines as antibiotics, 37!) 

e-inositol growth fartoi, 287 
oxidations, 343 
glykitols, 120, 131 
mntn inositol, see Innsnsch 
sugars, 313 

i eduction ol aldoses to glykitols, 23'l 
Hliine-forniing, 013 
Migration of groups, 
acetyl. 150, 377 
benzoyl, 166. 351 
double bond in glycaln. 371 
isopropUidenc, 223 
Milk, 

allnlartose in, 446 
ascorbic acid in, 31 (i 
lactose in, 94, 440 
Milk sugar, see Lactose 
Milk weed, 268 
Mistletoe 1 beriics, 266 
Molassch, 
lieet, 

raifiuose in, 457, 511 
recovery of sucrose from, 448 
blacks! rap, 447, 440 
fermentation of, NO 
unfermontable fraction, 74-5, 217 
Molds, see Microorganisms and specific 
organisms 

Molecular rotation, definition, 85 
Molecular weights (degree of polymeri 
nation), 

amylnsc and synthetic starches, 505-6 


ar&ho-galartan, 630 
bacterial dextrans, 604 
cellulose, 532 
aretates, 531 
nit rales, 551 
c-liitin, 010 

de\l rins from enzymic hydrolysis, 501 

glycogens, 600-1 

gum ghatti, 635 

high polymers, 521 

liclienin, 602 

limit dext rins, 587 

niannaiiN, 015, 626 

maple hnlocelluInMc fract ion*, 025-0 

nucleic acids, 308, 401 

liectins, 04 

iSchardinger dext rins, 503 
starches, 570 , 505-6 
\vlaiiH, 020 
Molisrh lest ,131 
quantitative variation, 143 
MulylNlaleH, and glykitols, 24K, 25.3 
Munilia yeasts and n-vylosc, 105 
MonoHACchn rides, dcfinilion, 17 
Moss, 

hair cap, 520 

Ireland ((Uliana tslumhvn), 520, 002 
Irish, 311, 03S 
iSimniKh, 520 

Mountain ash, see Sorbut* aacupana 
.Mountain r ran berry. see Vacnnum 
1'i/m idata 

Mucic acid, see (ialactarir acid 
Mucilages, 630 
classification, 513 
1 unction. 514 
type s, 

alginic arid, 616 
carrageen, 638 
locust Wail gum, 035 
manno-galartan, 6.30 
Mucins, 183, 640 
Mucoids, 183 

Mucoiucisitol, 264-5, 267, 269, 276 
Mucoitin sulfuric acid, 041 
Mucopolysaccharides, 513, 639-40 
classification, 513, 630 
definition, 640 
Mullein, see Vcrbancu>n 
Multi-ringed compounds, 53 
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Munson and Walker method, 142 
Muscle, 
aldolase, 114 
ascorbic arid in, HI 6 
glycogen in, 560, 500 
m esc -inositol in, 266 
undent ides, 391 
phusphorylase, crystalline, 595 
Muscular dystrophy, 287 
Mush rooms, 235. 244, 452 
iMushrooin HUgar, sec Trehalose 
Mussels. 260, G01 

Mustard, enzymes and glycosides, 172, 
510 

Mustard-oil glycosides, 472 
Muturotation, 62 
and acetyl migration. 150 
acyclic anouierb, 56 
nlH(h]ido sugars. 154, 222 
aldonic acids and lad ones, 202, 204 
unoiners, 55 
coefficients, 64 
effect of 
pll, 68 
solvent . 60 
historical. 42, 03 
liomoinorphH, 59, 00 
2 kelo-n -gluconic acid, 312 
kinelics, 67 

nitrogenous deiivutives, 376, 385, 401. 
40G, 110 

products of si arch hydrolysis, 583 
i) threose, 70 
Myccisc. sep Trehalose 
Myrosin, 172, 477 
Myrlillin, 03 

My til'll nl and hydrowmylililnl 207, 200, 
276 

1/ ylilus ir/i7/s, 269 

N 

1 Xuphlhtildeliydc, 2 hydnixj , reaction 
with glycosnniincs, 415, 417 
XaphlhorpHorcinol test, 300, 312 
Xaringin, I OS 
Nasal septa, 415 
Xenia dose, 431 , 407 
Nerve tissue. 03 
Xervonic acid. 95 
Nettle fiber, 534 


Xeuburg ester, 160 
Nicotinic amide, 385, 394 
Nitrate esters, 171, 176 
cellulose, 531 , 549 
hexitaus, 365 
iuoBitul, 284 
pectins, Gil 
starch, 579 
Nitric acid, 

addition compound with cellulose, 545 
esters, see Nitrate esters 
nitration of 
cellulose, 549 
pectins, 611 
starch, 579 

oxidations, 302, 332-5 
aldoses to uldonic acids, 291 
2,5-unhydroaldonic acids, 356 
cyclitols, 270 , 274 , 279 
glvkitans, 365 
glykitols to uric acids, 254 
he\OH<uiiiiies, 365 
in mo inositol. 270- J 
5-kclogluconic acid, 312 
ketoses tu keto aridH, 3il 
mechanism, 331 
methylated glucoses, 207 , 444 
n ribose pliospljalc, 391 
saecharinic acids, 76 
sugaiH and polx saccharides, 302, 332 
1,3,4, 6-tet rainct hyl-n-fruct ose, 419 
2. 3.4, 5 tctramcthxl-n gluconic acid, 
146 

Nitriles, 
acelates, 154 

optical rolntuiy relationships, 296 
amino uldonic acids, 416 
formation in ncel\ Inlion nf oximes. 
411-2 

liiaiidelo type ptniygduliiO, 469 
Wold degradation, 122 
I Niiro ucetvl sugars, 176 
o Nitroanilinc, Hiigar derivatives, 378, 
380 

p-Xi I mainline , sugar derivalivea, 379 
Niiro cellulose, see Cellulose nitrate 
Nitrn compounds, sec also Nitrates, 420 
Nitrogen dioxide oxidations. 334, 548 
Nitrogenous derivatives, see also 
Amines, Amino acids, (ilycamineB, 
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Nitrogenous derivatives (continued) 

Glycosamines, Hydra zones, Osa- 
z ones, Proteins, eir., 375 
Nilromcthane, 12(1, 420 
Nilroparaffinfl, for frarlionation of 
starch, 5G6 

Nilrophenols, color test, 135 
p Xilropheuylhydrazinc, for analysis of 
sugars, 402 

N i I rophenyloBazoncH, (04 
Xitropruwidc tcsL, 422 
Nit rust arch, see Starch nil rates, 570 
Nitrous arid, 
effect on 

adenylic acid, 391 
1-aminn-l-desoxv o f met use, 4(H) 
aniinnplienyl glycosides, 424 
1,4 diaminohutaiie. 359 
hexosamiues, 356-9, 413- 1 
lioxosaminic acids, 357 
hydrazidcs, 298 
azide formation, 124 
oxidations, 3214 
Nomenclature, 13 
amylases, 583 i 
an rimers, 55 
acyclic, 50 
j>arabiiiose, 103 
aric acids, 20, 300 1 
ascorbic acids, 313-4 
configurational prefixes, IS 
cyclitols, 261 
i> aud L, 21 , 35 
enzymes, 394 
glycosaus, 214 
glycosides, 137 

glycnsylaniiiieR, secondary and terti- 
ary, 378 

gl> kit ols, 20, 258 
higher ketoses, 62 
higher sugars, 22, GO 
nucleic acids, 397 

oligosaccharides, sec also under in 
dividual sugars, 427 
pectir substances, 608 
polysaccharides, 513 
position of substituent groups, 22 
sorbitol, 37 
si arches, 564 
tartaric acids, 300 


trivial names, IK 
use of alpha and beta, 22 
Normal weight, definition, 137 
Nucleic acids, 104, 396 
hydrolysis, 388 
nomenclature, 397 

partial hydrolysis to nucleotides, 390 
thymus, 397-8 
\ east , 297.399 400 
Niiclroprulciiis, 897, 401 
Nucleosidases, 181, 177 
Nucleosides, 3S8 
biological svn thesis, 181 
definition, 397 
preparation, 389, 397 
Ht rue lure, 3S9, 391 
Nucleotidases, 389 
XucleotideH, 3!K) 
as eocjiz vines, 393 
definition, 390, 397 
diphosphopyiidine, sec ( 1 or\ninse 
troni nucleic acidh, 397 
t oil u, 399, 400 

iri, ton 

Inplioaphofn riiline, 395 
Numlier avrmgo molecular weight, 531 
anrl chemical mcl hurts, 521 2 

O 

Oak, 

nlrtohiuronic acid, *106 
hemicell uluses, 022, 021 
lemon flavin, 108 
riuercitol, 208 
laimins, 107 

Oat malt h, r ainvlHhes, 585 
Oath, 

^-amylase in, 585 
polybaceliande in, 002 
Occurrence, liatiiral, 
carbohydrate acids, 288 
cyclitols, 203 
cHters, 149 
glycosides. 459, 400 
glykilols, 232 
oligosaccharides, 438 
sugars, 89, 470 

Octadecylainine, sugar derivatives, 379 

Oct osos, see Higher sugars 

Oils, drying, from glykilols, 368-9 
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Ole a fragrant, 471 
Oleandrose, 471 

Olefins, soo Ungaturaiod dcrival ives 
Oligosaccharides, nor also under individ 
ual compounds as Sucrose and 
Dextrins, 427 
aldobiurouic acids, 307 
analysis in plant materials, 510 
cellodextrins, 531, 546 
classification, 428 
definition, 13, 17, 427 
effect of alkali, 200 
cuzymic hydrolysis during isolation, 
471 

formulas, 138-58 

occurrence und preparation, 438 58 
glycosides, 463, 471 
starch hydrolysates, 586, 561-2 
projierties, 438 58 
Schnrdinger dextrins, 503 
structure, eu'i* also under individual 
sugars, 135, 438 
sulfates, 183 

syutlieHis, see also under individual 
sugars, 430 
Olive tree, 23!) 

Oidniis, oligosarcharides of, 428 
Open chain, see Acyclic, Aldchydo :uid 
Kcto 

Opium poppy, 501 
Optical nclivity, 27 
Optical rotations, 
anoint*! k, 55 

borax complexes, 183, 250 
celluloses, 531 

i)-gluconic acid and lactones, 204 
glycosides, 81-8, 515 
glycnsyl halides, 161 
glykilols, 218 
homomnrplis, 60 

increase, in glvkitol complexes, 253 
lichen in, 602 
malic acid, 300 
natural glycosides, 471 
osazoneg and hydrazonos, 400 
polysaccharides, 515 
for qualitative analysis, 133 
for quantitative analysis, 137 
rules, sec also Isorolalion, HO, 206 
starch, 570 


and structure, 80, 515 
threaric acids, 300-1 
Optical superposition, 80 
Orange gum, 631 
Orchidatcae , man nans, 100, 614 
Orcinol color test, 135, 143, 640 
Orthoacetates, sec Orthoucclic esters 
Orthoacetic esters, 50, 101, 150, 103, 433 
Ortholrcnzoic acid, 158, 166 
Ortho effect s, of phenyl glucosidcs, 88, 
499 

Oryza gluhnow, glycogen conteiil, 599 
Osaznnes, see algo under Ilydraznnrs, 
Phenyl hydrazine and individual 
sugars in ('hApter 111, 401, 404 
acetates, 409-10 
conversion to 

anhydro derivatives, 409-10 
usones, 318, 100 
crystal structure, 400 
cyclic stnirture, 407 
for i dent i firnl inn, 135 
median ism of formation, 105 
mixed, 107 
mutarotation, 106 
oxidation *ith bromine, 311 
urnnic grids, 309 
use in 

quantitative analysis, 145 
separation of sugars, 112 
OsiinincH, see filyrnsvl amines, primary 
OHiuiiun tetroxide, sec (Id unite oxida- 
tion, 239 

Osmotic pressure, 
cellulose ostein, 533 
polysaccharides, 51G, 522 
starch, 571 
Osoticm, tO, 318 
anhydro derivatives, [165 
definition, 15 
preparation, 318, 406 
ledurti on to ketoses. 132 
relationship to aldonic acids, 295 
use in 

cyanohydrin synthesis, 315, 317 
formation of ascorbic acids, 315, 317 
ketose-aldose transformation, 132 
Oaonir acids, see Koto nldonio acids 
()solriazoleg,408 

Ovomucoid, polysaccharide in, 647 
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Oxalic arid, 16, 139, 342, 365 
salts wilh glurainines, 420 
Oxalyl chloride, reaction with cellulose 
(4 hers, 55*1 
Oxidases, 1X1,390 

Oxidation reduction react ions, 394-5 
Oxidations, set 1 also under Arie acids, 
Aldonic acids, Ketn nr ids, Tronic 
acids ami individual rurbohv 
drill ph, 2XK 
cellulose, 547 
eerie sulfate, 339 40 
rhloratPH and chloric acid, wee Chin 
rate oxidations 

chlorous acid, chlorine dioxide, chin 
rites, 255, 327, 021 
chromic acid, 132, 339 
copper Halts, see Copper salts 
cycli tills, 279 

double homls, see Permanganate, Per 
benzoic acid, Hi Ionites 
electrolysis, 122, 291 
ferri cyanide, 1 13, 255 
for Hugar anulvsis. 1 39 
d glucosidnse, 1X7 

glycol groups, see also Pei indie arid 
ami bead letraaeetHte, 32X 
gl,\ kit ids, 254 
halie acids, 327 

halogens and hypohnlites, see undei 
rcsjierlive halogen 
hydrazoneH to osazones, 105 
hydrogen peroxide, sen Hydrogen pci 
oxide 

iodic acid, 327 
lead oxides, 210, 2X0 
lend letrancctute, sec bead I elm 
acetate 

nucrobiologicul, see Mirroorganisius 
nitric acid, see Nitric acid 
oxygen mid air, see Oxygen 
ozone, 123, 302, 370 
prrhenzoii 1 acid, 12X, 197, 370, 131. 
112 

perhiflinut hate, 320 
l>erh orates, 5X1 

periodic acid, nee Periodic acid 
pcriiiangHiiulc, see Permanganate 
primar\ alcoholic groups, see under 
Priinan alcoholic group 


reagents for, 319 

secondary alcoholic groups, nee under 
Secondary alcoholic groups 
silver oxide, 139, 342, 347 
starch, 5X0 

Hulfhydryl groups in 0- amylase, 5S9 
I ri valent silver, 329 
Oxidized sin relies, 5X0-1, 5XX 
Oximes, 110 

derivative of oxidized starch. 5S1 
for prepanilion of aldvhjdu derivatives, 
153 

i eduction to glyrainmes, 119 
Oxo , see Keto 
OxveelhiluHc, 517 
Oxxgen lor air) 

elTprl in mrlh a > bit inn, 535. 571 5 
oxidation of 
ascorbie and, 310 
cellulose, 547 
glycosides, 213 
gl\ kilols, 255 

5 kelo i) glueonic and, 312 
sugars, 110, 121, 292, 335 
pn|\meri7alioii of allvl ethers, 310 
Ox \gl veals, see also Olvroseens, 372 
Ozone oxidation. 123, 302, 370 

P 

Pitlmilales, nscnrbir acirl, 109 
Palm, lagiia, see Ivory nuts 
Palms, 20X, 501, 500 
Palo verde, 030 
Pancreas, 
amyl uses, I7X, 5M 
achmic value, 5!N) 
amino groups in, 592 
enzymes, ad ion on konjak meal , 010 
Pupavvr smnnifn uni, 501 
Paper, 

effect nf linnirelliiloses, 022 
lignin as hy product, 020 
pulp, molecular weight, 3143 
sizes, 597, 599, 636 
sulfite waste liquor, 1X2, 62X 
wood cellulose for, 530 
Para effects, nf phenyl glucoRidcfl, XX, 
199 

Pari I tin, U’fi 
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Parsley, 471 

Pastes, starches lor, 507 

Pea, wrinkle seeded, starch, 588 

Peaches, 

amygdalin in, 460 
0-glucosidaseH in, 501 
gum, l arabiuose in, 102 
sorbitol in, 237 
Peanuts, araban in, 618 
Pears, 237, 466 
Pecan shells, 105 
Peetose, 47S, 612 
Peetic enzymes, 178, 009, 612 1 
Pert if arid, 608, 610-11 
Peetic substance, definition, 008 
Pertinase, 478, 612 
Peclinie acid, definition, 60S 
Pectin-met hox> lane , Til 3 
Pectinol, 613 
Pectins, 607 
arahaus in, 61S 
elaRsifieation, 513, 608 
condition in plants, 611 
cross linking, 611 
decrease in viscosity, 613 
degree of cslerifirutioii, 609 
enzymic, see Pee lie enrj inch 
function, 51 4 
gel strength, 612 

hydrolysis of esleis b\ fieri ases, 613 
ionic bonds, 611-2 
molecular weights, 611 
nit rate esters, 611 
properties, 60S fl 
quantitative analysis, 610 
si met ure, 610 
Peetolase,6l2 
l*u\u ilium thnilitm, 014-5 
Pt medium /vPruw, lut fie acid, 643 
Prn ic ill in m sp , 

oxidation of sugars to uhtnnir acids, 
341 

peetic enzymes in, 613 
Pentserythritol, formate ester, 367 
Pentane acids, Mil 

PenlaHol, for fractionation or starch, 506 
Pentitols, 231 
Pentosans, 61 8 

Pentoses, see also individual sugars, 
analysis, 


qualitative, 134 
quantitative, 145 
fermentation, 627 
Pentosuria, 106 
Pooiiin, 460 
Peony, 160 

Peptide synthesis, sugar derivatives, 122 
Perlienzoic acid oxidations, 128, 197.370, 
431, 442 

Perhisniulhate oxidations, 329 
Perborates, oxidation of Blarches, 581 
Perchloric acid, 

addition compound with cellulose, 345 
catalyst in arrt> latinos, 150, 5-45 
Periodic acid oxidations, 328 
N -ucptylglurosylaniine, 376 
agar, 638 

aldonic and anc acids, 331 , 340 
alginic acid. 617 
caroh I wan gum, 636 
cellulose, 517, 547 
cellulose ethers, 554 
configuration of aiioiuers, 49 
Cori ester, 179 

2,3-diinelhU-i) lnniumric acid, 616 
di mid oligosaccharides, see also under 
individual compounds, 436 
n-fructose, 340 
n glucose, 331, 340 
gl.U'Osans, 217 
glycosides, 45, 209, 331 
glykilols, 2.56, 330, 340 
hydroxy urids, 340 
innsitois, 277 -K, 331 
inethylenesorhitnl, 225 
phenylglucotriazole, 408 
polysaccharides, sec also under in 
dividual pol> saccharides, 518 
resistant groups, 331 
hhikimir arid derivative. 278 
starch, 581 
formate ester, 579 
structure of glycosides, 45, 209, 331 
sucrose, 449 
trehalose, 452 
xylan, 618 

Permanganate oxidations, 341 
2,5 anhydro - 1,0-di benzoyl -sorbiUn, 
355 

ascorbic acid, 292 
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Permanganate oxidations (continued) 
2-butenoic add lactone*, 234 
cyclituls and derivatives, 280 
conduritol, 260, 275 0 
f -inositol , 273 
mew-inositol, 272 
quomtol, 274, 2K0 
shikmiic acid, 278 

diisopropylidene ketoses, 230, 311, 317 
erytlirol to tetriluls, 233 
li-fructosc, 340 

1,3,4,5-letramethyl ether, 201) 
D-giuuosc, 340 
glykitols, 340 
hydru.\y acids, 340 
iuososo, 273 

for preparation of uronic acids, 305 
starch, 581 
sucrose, 310 

trimelliyl 2 keto D-gluconic acid, 440 
Per sea graiimnta, UK) 
n-Perscitol (n-« mannoheptitol, i> man 
no-n-^a/rf heptitol, n nr-guliihepli- 
tnl, L-gala-n ntnnnn lieplilnl), 100, 
244 

biochemical o\ula1ion In |>ersPuloM\ 
132 

configuration, 242, 240 
hcptaacotatc, 244 
occurrence and preparation, 211 
L-Pcrseitol (n-gala-L manno lieptitol, n- 
a-galalicptilol, i, muimo-n gain- 
heptitol, l « maniiolieptitnl), 241 
DjL-Perscdtol, 244 
Perueulose, see i< (lalaheptuloHc 
Persian berry (Rhanmux infect aria), 429, 
161 

Persulfates, oxidation id si arches, SI 
Phacophyccfu , 616 
Phalluxia nianulhitu, 520 
Phoscomaiinite, see ?»i Inositol 
Phenanthrene, glycobides derived from, 
403 

Phenol phthalein, glucuronide, 509 
PhenolB, 

color reactions with sugars, 134 
dissociation constants and rotation of 
glucosidi'R, 87 

formation from ryclilnlB, 279, 283 
glycosides of, nomenclature, 187 


phenyl glucomdes, 85, 466 
2,3,5-tribenxoxy, 270, 283 
triiodo, from cyclitols, 271, 283 
p PhenylazobonsoateB, 133 
o Phenyleuediamine derivatives, 136, 
380-1 

Phenyl glurnsides, occurrence, 466 
Phenyl liydrasideB, 296, 298, 309, 381 
Phcnylhydrazinr, reaction with sugars, 
401 

Pbonylhydrazine rule, 274 
Phenyliflocyauates, 169 
Plienylprupanc radical, in lignin, 020 
Phillyrin, 471 
Phlein, 606 
PheUm piatenee i GOG 
Phlorizin (phloridssiu\ 203, 502 
Phloroglucinol, color IcsL xiitli pentoses 
an ft uronic acids, 135 
Phoenix canaricnxix , 100 
Phoi in turn Una -r,G26 

PhosplmtasPb, see Phnspliorvlascs and 
Phosphmunyliises 
Phosphate esters, I7h 
ill de\t riiiH, 592 
1,5 3,0 dulcide, 301 

foiniatimi by rnninic h>dro1 t \sis of 
starch, 594 6 
lieuise, 178, 451, 591 
h>diolysifi, 182 
1 ,4-3,0 n-maniiiile, 364 
nucleic acids, 397, 399 
nucleotides ami related compounds, 

my 0 

in pol\ Miccliaridcs, 044 
nliuhc anil ribonic acid, 391 
starches, 501, 509, 592, 596 
1 runBrstciificutini), 393 
tiinac^d, SO, 391 
Phosphat ides, 208,471 
Phosphoamylascs, 594 
Phosphoric acid, 
catalyst in nitration, 550 
effect on cellulose, 545 
Phosphorus chlorides, 155, 100 
Phosphorus oxychloride, 
catalyst in glycoside formation, 195 
for phosphorylation, 179, 391 
Phosphorus triiodide, sec also Hydriodic 
acid, 283, 557 
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Phosphory loses, 
aldolase, 114 

amylolylic, 179, 478, 584, 594-5 
cozymasc and, 391 
cryst ftlJine muscle, 595 
hydrolysis of monophosphalo esters, 
400 

nucleoside, 389 
purine, 181 

synthesis of disaccharides, 435, 451 
Photosynthesis of carbohydrates, 111 
Phlhalic anhydride, reaction with gly- 
kitols, 369 
Phycooolloidfl, 631 
Phytase, 266 

Phytekphaa macrocarpa, 100, 2i5, 6U 
Phytic acid, see meso-\ium\ ol hexaphos- 
phate,266 
Phytin,266 

Pice a manana, arabo-galoctnn, 630 
Picric acid, 
color test, 135 

double salts with nucleosides, 389 
Picrocrorin, 200 
Pine, 266, 455, 025, 627 
Pinitol, 266, 281-2 
Pinna lamitertuinn,2fifi 
Plane tree, 239 

Plantago sp., plant nose in, 457 
Plantains, sec Plan logo 
PlanleoHC, 457 
Plasticizers, 227, 551-2 
Plastics, 548, 552, 556 
Plum, 469 
Plum gum, 631 
Pneumococci, 
classification, 644 
hyaluronic acid, 6 10 
polysaccharides, 307, 125, 611, 646 
Pneumonia, 644, 646 
Poain,606 
Poison ivy, 108 

Polarograph, studies of sugars, 67 
Polycarpa variant, 520 
Polygalitol , see 1 , 5, d-Hoi bitan 
Polyglucuronic acids, formation from 
cellulose, 548 
Polyglycols, 16, 019 

Polyhydrir alcohols, see Cyclitols and 
(ilykitols 


Polymerization, sec also Thermal con- 
densations 
acetaldehyde, 15 
aldouic acids, 295 
allyl ethers, 316 
allyl standi, 580 

definition of polysaccharides, 512 
formaldehyde, 15 
methacrylate esters, 170 
mot hoxyacct aldehyde, 115 
sugar acids, 0 
sugars, catalyzed by 
ncidb, 71 
alkali, 79 

Polynucleotides, see Nurleic acids 
Polyols, see C'yriilols aiul Glykitols 
Pol ysneehari doses, see also Amylases, 
Celluloses, Perlic enzymes, etc., 
13,512 

Polysaccharides, sec also Cellulose, TCn- 
rymes, Starches and individual 
polysaccharides, 

analyhis of mnnosaerharide units, 514 
classification, 513-4 
definition, 312, 475, -177, 512 
end group analysis, sec also Methyla- 
tion, 515 

homogeneity, 522 
partial by drolysis, 515 
purification, 514 

reversion produels in hydrolysis, see 
also Gentiobiose, and Isomaltose 
515,605 

sul fat e esters, 637- 42 
types, 

associated with proteins, 639 
bacterial, 514, 6 12 
blood, 646 
cell -wall, 620 
fungal, 514, 642 
hcmicclluloscs, 020 
immunological, 425, 614 
miscellaneous, 602 
reserve, 514, 560, 599, 605 
structural, 514 
wood, 620 

Polyriphonia, see Algae 
Polyuronides, sec also Pectins, 13, 530 
Polyvinyl alcohol, 15 
Popcorn starch, amyl os® content, 568 
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Poplars, «oc Pupulus up. 

Populin, 166, 407 
Populu* sp., 
enzymes, 467 
glucosides, 166, 467 
hnloeellubwc, 61K 
molrzitose, 455 
Puru pnrn, 465 

Potassium derivatives nf sugars, 348 
Potatoes, 
glycosides, 165 
hoxosc phosphates, 451 
phosphorylases, 504-5 
March, sec Potato stairh 
swop! , 

0-ainylases, 585, 587 
Starch, 560 

synthesis of glycosides, 500 
Potato si arch, 
acetates, 572 
aim lose content, 5157—8 
n -glucose fmm, 07 
import mice ami uwn, 560 
industrial preparation, 507 
maltose* truin, 569 
vnnlecul nr weight , 57 1 
phosphorus in, 564, 560 
photomicrograph, 562 
standard Hubstratr tor or-amylasc ac- 
tivity, 5S9 

Powder, smokeless, 550 
Primary aleuliolic groups, 
conversion to methyl groups, 125,434 
determination, 171, 176, 549, 551, 503 
disulfide derivatives, 474 
clTect of substitution on cnzyiuii: h> 
drolysis of glucosides, 493 
esterification. 150, 166, 160, 510, 570 
formaldehvdr and, 221, 330 2 
formation nf disaccharidc linkages, 
133, 435 

indination and tosylation, 171, 380, 
510, 554, 503 
methyl ethers of, 350 
initiations, 280 
aldoses to 
ario acids, 332 
uronic acids, 338 
bromine, 581 

formation of formaldehyde, 330 


glycosides to uronides, 305, 310, 326- 
7, 334 

glykitols to aldoses, 310, 327, 338 
ketoses to osones, 318 
iiirthylplieuylbydrazine, 404 
nil rir acid and nitrogen dioxide, 332, 
518 

IK'riodic acid, J5, 330-2 
“protected” aldoses to unmic aridH, 
305 

trilylat ion, 156, 348-50, 133, 557 
Priinrverosc, 128, 133, 160 
J'rimeveroside, enzymic hydrolysis, 510 
Primrose, 244 

Pri mu la sp., ser also Primrose, enzymes 
in, 469 

Printing inks, 599 

2 Propanol, 1.3 dichloio , conversion to 
p, L-thrcose, 115 

n Propylamine, 2 , 3-dihyd ro\y , 410 
Propylrne glycol, 16, 238. 250 
Proseil lari din .1, 463 
ProteiiiH, sec also Nucleoproteins, 
carbohydrates in, 120, 187, W6-7 
combinations with carbohydrates, 425, 
639 

coupling with carbohydrates, 424 
enz>mes as, 487 
gluten, 598 
reaction with 

rliondroitin sulfuric acid, 641 
hyaluronic acid, 640 
trout wood hydrolyzales, 028 
Protoglucal, 371 
Protopcctin, definition, 608 
Prolopeclinose, definition, 612 
Prulaurasin, 460 
Prunasr, Bet* fl-dlucusidase 
Prumisin, see p (ilucnsidnse 
Piunes, 237 

Primus annrniact/, see Apricots 
Pruntt * pvibica, see Peach 
Primus nrrolina, prunasin in, 460 
Psvudotnonax , oxidation of pentoses, 344 
Pseudomonas saecharophilu , phosphoryl- 
ases in, 451 

u-Psicose, see u-Alluluse 
Pulps, wood, see alBn Cellulose and Wood, 
530 

hemirrllulose in, 622 
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molecular weights, 533 
for nitration, 550 

Punlie reagent, see also Methvl iodide, 
347 

Purginic acid, 107 
Purines, 180 
in nucleic acids, 307 
nucleosides, 380 
nucleotides, 301 
X-rihosides, 180, 388 
sugar derivatives, 383, .‘185, 388 
Purpurin, 470 
Pyr&ii,40 

derivatives of n glucose, 231 
Pyranoses, 0, 40, 50-5 
Haworth formulae, 52 
homomorphs, 57-8 

Pyranosides, 40, 50-5, 180, 108, 207-13 
Pyridine. 

catalyst in accLylalious, 150, 552. 57s 
complex with 
2-dcBoxyHnrhit ol, 250 
sorbitol , 250 
effect on inns own, 283 
n-gluroBC derivatives, 3S5 
rearrangement h. see also Alkalies, 120 
Pyrimi dines, 

4.0-diamino 2 inethyl-ii xdose deri\ii 
live, 382 

in nucleic acids. 3117 
nucleotides, 3!»l 
i) rihiiHe derivatives, 388 
sugar derivatives, 383, 385, 3S8 
Pyrolysis, see Thermal condensations 
Pyrolysis, 

ammonium gulactarate, 302 
carbohydrates, 214-5 
Pyroxylin, 540, 551 
Pyrrole, 
color test, 410 

pre|Ninttinii from ainiumiinin galadui 
ale. 302 

Pynw sp., coloring matters in Inn cs, 100 
Pyruvic acid plinsphute, 181 
Pyruvic aldeliyde, see Met hvlgl\ o'al, 
hydroxy, 318 

Q 

Quehrachitol , 200 
Quebrarho bark, 200 


Quercin, see Bcyllitol 
Quurcitin, 461 
rf-Qucrcilol, 
aromati citation, 273 
conversion to dicyrlit* ether, 285 
nomenclature, 205 
ocourrenjre, 268 
oxidation, 274. 280 
pentahonzoale, 268 
jierspcet ive formula , 205 , 207 
struct ure, 273 
Mjucrcitol, 208-0 
Quercitrin, 108,401 
Qiierrux linttvria, 108 
Quinic arid, 207, 260, 277 
d-Quinic acid, 271 
/-Quinir acid. 

uromuticizalinn, 280, 283, 287 
lad one efltrrs, 284 
occurrence, 271 
oxidation, 280 
rf./-Quinic acid, 271 
Quinide, 277, 284 
ljuininc. 107 

Quinoline, catalyst in Koenigs-Knn rr 
synthesis, 104 
(jui nones, 

dehydrogenation nf glykilols, 255 
f i mu, 

cyclilnls, 283 
d- querritnl, 280, 2811 
/-quime acid, 280 

tetmliydroxy, frnm mtso inositol, 271. 
27!) 

Quinoviu, 107 

Quinovose, see n (llucosc, 0 desow 
Qiiinoxaline structure. 381 

R 

Racemic mixtures. 27 
Radish, synthesis of glucosides, 500 
Radix snrxapa 40h 
Raffinose, 450 
acid hydrolysis, 437 
analgia in presence of sucrose, 511 
conversion tn 
frurtossn, 000 
melibiose, 445 
slimes, 042 

enzyme hydrolysis, 483, 504 
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Raflinose (Continued) 
formula, 456 

occurrence, preparation and structure, 
457, 510 
Raisins, 1 
Ramie cellulose, 
molecular weight , 533-4 
X-ray diagram, 537 
Raw HUgar, see also Sucrose, 448 
Raybiu diazmiianl teat fur sucrose, 135 
Rayon, 
acetate, 552 
cupramiuomuni, 543 
enzymic hydrolysis, 558 
fiom cellulose nitrate, 551 
viscose, 54C 

“Reducing” oligosaccharides, 430 
Reducing sugar me I hods, see also Analy 
sis, 138 

Reduct ic arid, 309 

Reduction, see also Hydrogenation ami 
Sodium amalgam ieduetion, 
of 

licet ylgl ye osyl bromides to glyculs, 
370 

aldonie thioesleib, 137 
aldonyl chlorides, 115, 117 
apionie acid, 471 
rlisiilfidc derivatives, 473 
i) -glucose, 75, 237 
glykilols. 255 
lactones, 117 

inaltosp and turauosc, 451 
osoues, 132 

D-iiboso .3-phosphate, 392 
methods, 

cat alyl ir h.vdrogcimlion, see Hy- 
drogenation 
degradative, 2.56 
electrolytic, 75, 237 
pliosphoius and hydrogen iodide, see 
llydriodif arid 
polarographie, 67 

sodium amalgam, see also Sodium 
amalgam and under individual 
glykitols in Chapter VI, 117, 299 
zinc and aeetie arid, 132 
Reduct one, 78, 3J3, 430 
Resolution, 
n,L arabinosc, 103 


iJjh-galaGlosc, 96 

n . L-niandelo amide glycosides, 468 
D,L-mannonic arid, 112 
u,L-throAric acids, 300 
use of 

menthol and isomenlhol, 510 
optically artive liydrazoues, 9G 
Resorcinol, use in Scliwaiioll color test, 
135 

Resui recti oji plant, see >S 'dayinrlla lepi- 
dophylln 

Relrogradalion of starches, 570, 577 
“Reversion,” see also Acids (mineral), 
condensation action, 71 
Hhnmnuzin, 1G1 
lUiamnelin, 461 
RhamninoHe, 42 1 ) 

n Rhumnitol, sec n-Maunitul, 1-desoxy 
l Rhumnitol, see L-Mannitol, 1-desoxy 
Rliaiiinndiastase, 510 
r< nr Rhamnohexitol (i>-(iAla-i<- 0 ia/iflo- 
heptitol, 1 -desoxy) , 258, 261 
j -0 Rlmmnohexitol (L-Altro-L-manno- 
heptitol, 1 -desoxy), 259, 261 
L Rhamnonic acid, 5-kelo lactone, 322 
L-Rhamnonic 7 -1 act one, 2 ti 0 , 292, 291 
n-Rhamnose, 

Haworth formula, 57 
reduction to glykitui, 260 
L Rhanmoso (L-maimonriethylosc, 0 de- 
HOxy-L-inaniiose), 108 
anomers, 108 
bromine oxidation, 375 
conversion to 6 -ricsoxy u -allow deriv- 
atives, 174 

2 desoxy 3-methyl, see Oleandrose 
fei mental ion, 146 
galarturonosyl, 307 
hydras ones and osazones for analysis 
108, 402 

identification, 108 
mutarotatiun, 108 
occurrence iu 
free state, 108 
glycosides, 470 
cardiac type, 463, 465 
quercetrin, 108, 461 
oligosaccharides, 428 
polysaccharides, 631, 633, 645 
oxime, acetylation, 412 
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preparation, 108 
reduction to glykitol, 260 
L-Rhamnosides, seo also l Rhamnose, 
occurrence, 108, 204 
L'Rh&mnosyl bromide, triacetate, 156 
Rhamnua cathartica , enzymes, 510 
Rhamnus infedoria, 420, 461 
Rheumatic fever, 640 
Rhizopua tritici, poetic enzymes, 613 
n-Rhodeitol, see n-Fucitol 
Rhodooee, see d-Fucdbg 
L-R hodeose, see l-Fucoso 
Rhodizonic arid, 271, 270 
RKodophyceae, 636 
Rhubarb, Chinese, 168 
Rhva armialota, 167 
Rhus toxicodendron , 108 
L-Ribal, see L-Arabinal 
n-Ribamine, 410 

Ribaric acid frffa-lrihydroxyglutarir 
acid), 301 
Ribitol (adonitol), 
riibcnzylidene, 230 
occurrence, 236, 305 
3-phosphate, 392 
preparation, 236 

L-Iiibitol, 1-desoxy-l toluidinc, 388 
9 n-Ribibyl-isoalloxazine, 6,7-ilimethyl 
ether, 305 

Riboflavin, 305, 410 
phosphate. 306 
x>-Ribonic acid, 
phosphate, 391 

tetraacetate othyl l Lineal er, 154 
L-Ribouic acid, 2-heto, 31 1 
Ribonucleic acids, 306 
n-Ribose, seo also n-Ribose derivatives, 
103 

biochemistiy, 104 
biological origin, 182 
bromine oxidation, 325 
configuration, 38 
fermentation, 146 
Haworth formula, 57-8 
identification, 103 
mutarotation, 103-4 
occurrence, 104, 388, 304, 397 
preparation, 104, 110, 127 
n-Ribose derivatives, 
l,5-anhydro-2,3-diacctato, 215 


2-dosoxy, 389-90, 397 
N -glycosides, seo also Nucleosides, 
398 

N-furauosides, 380 

N-glyrosides, 181, 378, 388, 391, 306, 300 
hydrazones for analysis, 103, 402 
2-CMiydroxymrthyl, 160 
phosphates, 

formation from adenosine triphos- 
phoric acid, 302 
1-isomor, 181 , 360 
3 -isomer, 301-2 
occurrence in nucleotides, 391 
purine and pyrimidine derivatives, 388 
5-thioincthyl ether, 388 
2.3,5-trimethyl ether, 389 
L-llibose, 

2-desoxy, 120 
fermentation. 116 
llaworth formula, 58 
mutarotation, G5 
reduction to rihitol, 236 
n-Ribosideti, 
dihydroxyacctone, 433 
methyl, 3R0 

N glycnsides, soc n-Ribose 
n-Ribulosc farionnne, n-arahulnsc) 
cnnfigmatinn. 11 
cyanohydrin synthesis from, 168 
preparation from D-ribose, 127 
i IlihuloHc, 1 -desox v 1 p-loluidine, 38^ 
Rice, 

0 amyluse in, 585 
gluten, glycogen in. 599 
Rice starch, 
acetates, 572 
amylose rout ent , 568 
importance and uses, 500 
phosphorus in, .564 
photomicrograph, 563 
Ring structures, see also under individ- 
ual substances, 42 55, 207-13, 217 
“Ripening” of cellulose xanthate, 547 
Robmia pseudoaracia, 428 
Rohinin, 428-0 
Robinobiose, 428 
Robinose, 420 
Robison ester, 180 
Rochelle salt, 300 
Romijn method, 144 
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Roots, starch content, 56(1 

Rosacrae, 237, 468 

Rosanoff convention, 35 

Ron in acids, reaction with hexitoU, 300 

Rot atioiiR, boo Optical rotations 

Rubber, 266, 268, 379 

Rubcrythric acid, 400 

Riibiaiiin glucoHide, 170 

Rubia tincloria, 160 

Rue, 428 

Ruff degradation, 121 , 275, 305, 337 

Ruin grnrrolens , 428 

Rutin, 428, 462 

Rut in one, 428, >161 

Rutinnsides, enzymes /or, 510 

Rye, 0 amylase in, 5S4-5 

Rye bran, 102 

Rye limit , ff-amylAHcs, 585 

S 

Saceharitse, wee Invert use, 177 
SaecharatpR, see under Double Halts 
Siieclmrir nriilH, see \rie aridn. ( Rural ir 
acid and individual nnr aeidK 
Saccharide, definition, 17 
Sneebiirifipation of vldoiIh, 027 
Siicelmrimeler, use in mignr hiihIvhis, 137 
iSaeeliariuie anils, 10, 130 
deliiution, 1, 15 

formation in alkaline solution, 75 
oxidation with nitrie nrirl, 7(i 
synthes'iR, 274 
Sure harms, 75 
XarehnromyrrM, w*e Yeast* 

Sarrharoae, see Sue rose 
Snrrhni uni qflicuianim (Mignr rune), 75, 
117 

Narranal, 20 J 
Safranine, color tent, 135 
Sago si arch, 560 , 568 
SI . .John’s bread. 035 
Salop mucilage, UK) 

Salicin to-liydroxvnietliylphrnyl 0 n-glu 
cosidc), 107 
acid hydrolysis, 203 
G-henzoiitc, 166 
enzymic hydrolysis, 501 
reduction, 201 
synthesis in plants, 5(H) 

Salivary amylase, 


achroic R value, 590 
converaion of starch to dextrina, 591 
Salix ap., salirin in, 467 
Salts, 

effect on rellulose, 545 
metallic, sorption by cellulose, 542 
Wm/du/rus nigrr, 469 
Samhunigrin, 469 
Sapogcnins, 460 
Sap on ins, 465 

Sap-wood, hemi celluloses, 623 
Xarcosinc amide, n-glucose derivative 
422 

SurmcnluBc, 470 
Sarsasapimin, 166 
Scut) i ox a siirciita, 172 
Seales method, 142 
Scninmnuium, 108 
Srhardingcr ilextriiiH, 592-3 
Scherer color teal, 271 , 27!) 

Srhiff liases. 375, 377 

tmadnri rearrangement, 386, 401 
of glyrnHammcs, 415, 417 
nf X -glycosides, 385 
of hydraronea and ORazones, 401 
Srhiff reagent, 12 
Seholler process, 62S 
Srlmeizer’s reagent, reaetion with ecllu 
low 1 , 513 

Seilltthiose, 42S, 463 
Sri I la uumtima, 428, 463 
Seillaren .1, 128, 463 

Srhrotinin nnma t pcrlir enzymes in, 
613 

Seliot tPii-Raumann reaction, 165 
Krorodose, 428 
Seyllitol, 
acetals, 281-2 
halides, 281-2 
hexaacetate, 270-81 
(’-methyl derivative, see Mytilitol 
nomenclature, 265 
occurrence, 268 

oxidation by periodic acid, 277 
perspective formula, 264 5, 267 
preparation from hioinonose, 268, 270 
proof of configuration, 273 
Sryllo-mwrcMnososr, see InosoHe 
Seaweed, see Algae, marine 
Seen I in, 606 
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Secondary alcoholic groups, 171 
acetylation of in cellulose, 549 
oxidation by 
bromine, 3L9 
chlorate, 31 1 
cupric salts, 318 
hydrogen jieroxidc, 31 H 
hypoioditc, 320 
microorganisms, 131, 319 
periodic acid, 45, 330 
permanganate, 290, 31 1 
phenyl hydrazine, 405 
oxidation of, 280 

aldonic acids to ketn acids, 31 J, 319, 
320 

aldoses to osohi'N, 318 
glycol groups, 
to dialdehydcs, 2 90 
to formic acid, 330 
reaction with 
formaldehyde, 224 
triphenyl methyl chloride, 319 
test in V 2 position, 123 
tosyl iodide exchange of, 307 
Sedimentation method, molecular u eiglil 
of pul vsncrluu ides, .724 
n Sedoheptitnl, see i >-\ olemitol 
Noiloheplulosaii, formation by acids. 110 
Scdoheplulnse (n allinhcptuJnsri, 110, 
214-5 

2,3 anliydm, 210 
Sctlwu spcctahilr, 110 
Seeds, starch content, 500 
SdayincUa Icpufaphylla, trehalose in, 152 
Selenium oxychloride, 252 
Helm anolT test for ketoses, 135 
Srinirarbazoncs, 

conversion to uldrhi/do sugars, 1.71 
derivatives of sugars, 401 
Scininose, see n Mannose 
Senna leaves, 208 
Septanoses, sec Hcpt anuses 
Ncquoyilol, 208 
Serine, 10 

Serum globulin, 420 
Sexual processes, green alga, 461 
Shaffer-1 fart in aim method, 142, 312 
Shaffer-Somogyi method, 142 
Sharks, 208 


Shigella dysenteriae, Bee Bacillus dysen- 
teriac 

Shi kin lie arid, 264 

conversion to benzoic arid and dei na- 
tives, 283 
occurrence, 271 
oxidation, 278 
perspective formula, 207 
proof of configuration, 27K 
Shortening carbon rhainH, see Carbon 
chain, shortening 
Silver, 

carbonate, ratalyst in Koenigs Knorr 
synthesis, 194 
“molecular,” 280 
oxide, 

catalyst in Koenigs-Knorr synthesis, 

m 

oxidations of sugars, 13fl, 342, 347 
sails, oxidations of sugars, 138 
Sinigrin, 472 
Sinistrin, 000 
Sires, 
guar, 636 
starch, 597, 599 
oxidized, 589 
thin-boiling, 500 
Skdlfttsubxlanz, 621 

Slimes (gums), formation by microorgan- 
isms, 042 
Slippery elm. 307 

Sunils (vineyard), sue Ilthx pom ah a 

Snake venom, 392 

Sodium, 

acetate, effect on inososcs, 283 
amalgam reduction, sec also under in 
dividual glykitols, 117, 299 
aldonic lactones, 117, 299 
uric acid lactones, 304 
i.-gulnheptuloflpg, 249 
inosospH, 270 

rhloride, double salt with glucose, 97 
derivatives of sugars, 347 
iodide, see Tosyl-iodide exchange 
reaction in liquid ammonia with carbo- 
hydrates, 347, 519, 545, 561 , 580 
Soil, uronic acids in, 307 
Soja hispidia, starhyose in, 458 
Solanine, 465 
tSohmum sp., 465 



738 


SUBJECT INDEX 


Soldaini’s reagent , 842 
“Soluble” starches, 5M 
Solubilising effect, use of glycosylamincs 
and glycosides, 109, 419 
Sophorafiavonol oside , 429 
Sophora japonica, 630 
Sophorose, 429 
Sorb apple, 2, 18 

1.4- 3,6-Sorbide (1,4-3,6-dianliydro-D- 

Borbitol, isosorbide), 353 
dinilratc, 365 
iodo -tosyl ester, 367 
preparation, 354 
tosyl esters, 171 
Sorbierite, see L-Iditol 
Sorbinose, see L-Sorbose 

1.4- Sorbitan, 351, 354, 356, 365, 369 

1.5- n-Sorbitan (polygalitol) 

] -C-bromo -tetraacetate, 160 
conversion to hexose, 365 
2-desoxy (hydroglural), 360, 363 
occurrence, 359 
oxidation, 365-6 
preparation, 160, 360, 474 
sweetness, 363 

2.5- Sorbitan, 355, 365 

3.6- Sorbitan, 352, 354, 365 

5.6- Snrbitan, 

2, 4-benzylidenc-l -tosyl, 355 

1 , 3-2, 4-diethylidene, 356 
Sorbitol (n-sorbitol, n-glucitol, L-guli- 
tol), see also Sorbitol derivatives, 
236 

analysis, 256 
biochemistry, 233 
complex with pyridine, 256 
configuration and ambiguity of name, 
37,40 

conversion to 
ascorbic acid, 317 
glycogen, 257 
L-sorbose, 131, 254-5 
fermentation, 147, 241 
nomenclature, 18, 20, 37 
occurrence, 236, 256 
oxidation, 254 
bacterial, 101, 131 
bromine, 322 
preparation, 237 
quantitative analysis, 256 


rotation, 248 

separation from L-iditol, 241 
sweetness, 257 
Sorbitol derivatives, 
2-(acelylamino)-2'debo\y, 420 

1 - amino-1 -desovy, see i>-Glucamine 

2- Amino-2-dcsoYy (gluoosaminol), 420 
anhydro, see Korbides and Sot bitans 

2.4- benzyliripnr-6-desoxy-6 nitro, 420 
6-bcnz oyl -1 ,3-2,4 -did hy li dene , 1 32 
l-deso\y, see o-Glurilol, 1-desoxy 

1- desoxy-l-mdhylamino, see n-Gluea 

mine, 1 -methyl 

2- deBoxy, see n -arabo llexitol, 2-de- 

so\y 

6-desoxy, see l Gulitol, 1 desoxy 

1.4- 3,6-dianhydro, see 1 ,4-3,6-Snrbide 
ethylidene deiivatives, 124, 226 

4 0-gal act oside, 497 
hexaacetate, 236 
methylene derivatives, 221-5 
2,314,6 Ictramcthyl ether, 351 
L-Sorbitul, see o-GuliLol 
l),L-Sorbitol, see n,L-Gulifo] 

D-Soibose, 
configuration, 4J 
2,3-4, 6-diisopi opyliriene, 3 19 
isolation from ariose, 114 
preparation from n-fructose, 174 
redurlion, 238, 210 

1 ,-Horbuso, see also L-Sorbose deiivatives, 
101 

alkaline icariangrmeul, 76 
eon version to 
ascorbic acid, 317 
disaccharidrR, 451 
historical, 2 
identification, 101 
mutarolation, 101 
nomenclature, 18 
occurrence, 89, 101 
oxidation, 318, 335 
preparation, 101, 126, 131, 254 
reduction to L-iditol, 240 
L-Sorbose derivatives, 

6-desoxy, 125 
diisopropylidene, 317 
pentaacotate, 241 
frefo-pontaacetate, 241 
phenylosazone, 101 
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SvrbvA aucuparia, 101, 131, 236, 240 
Sorbus commixta , 237 
Sorghum, starch, importance and uses, 
660 

Sorghum malt, a-amylases in, 585 
Soxhlet method, 140 
Soybeans, 

0-amylases in, 584, 587 
jS-glucosidases in, 501 
“Spans,” 368 

Specific rotation, definition, 63 
Spleen, 05 

Spruce, Mack, water-soluble polysac- 
charide, 630 

Spruce, mannan fraction, 026 
Squash, 0-glucosidanes, 501 
Squill, see Scilla maritima , 428 
Stabilisation of cellulose nitrates, 550 
titachyose, 458,504, 510 
Stocky s sp., stachyose in, 458 
Star aniBe, 271 

Starches, wx* also Amylases, Amyl ope c- 
tins, Ainylose, Glycogen and par- 
ticular types such as Corn starch, 
500 

A,B,C, and V-modifieatioiiH, 576 
acetates, 578 
films and fibers, 57 S 
molecular weights, 572 
acid hydrolysis, 07, 56!), 598 
alkali-lability, 517 
alpha and beta, 588 

amylolyose by enzymic hydrolysis, 429 
amylnse and amylopeclin content, 
567-8 

bacterial oxidation to osones, 319 
benzoate esters, 579 
branched chain structures, 573, 575 
catalyst for phosphorylation, 595 
classification, 513 
commercial dextrine, 598 
rontent in plants, 560 
definition, 560 
dispersing agents, 571 
dry-grinding, 561, 571 
end groups, 518 

enzymic hydrolysis, see also Amylases, 
582 

esters, 577 

molecular weight, 572 


ethers, 579 

fatty acids in, 564, 566 
films and fibers, 577-8 
fractionation, 566 
function, 514, 560 
n-gluGOBG from, 1, 97 
granules, 561 
enzymic hydrolysis, 584 
photomicrographs, 562-3 
boat modification, 598 
historical, 2 
identification, 561 

industrial preparation and utilization, 
560, 597 

iodine complex, 577 
absorption spectra, 569, 590 
formate ester, 579 
limit dextrin and, 587 
measurement of a-amylaso activity, 
590 

oxidized starches, 581 
products from a-amylase action, 589 
relation to enzymic hydrolysis, 583 
isomaltose from, 444 
maltose* from, 443 
methylation, 348, 573 
minor substituents, 564 
moisture content, 561 , 598 
and relation to X-ray patterns, 576 
molecular weights, 570 
nitrates, 579 
nomenclature, 564 
occurrence, 560 
optical rotation, 515, 570 
oxidation, 580 
tn n-glucaric acid, 302 
oxidized, 580-1 
enzymic hydrolysis, 588 
phosphorus in, 564 
preparation, 597 
properties of fractions, 568 
purification, 564 
pyrolysis, 214 
reducing power, 57 2 
retrogradation, 570 
ticliardinger dextrins, 593 
soluble, 569 

structure, 564, 569-77, 593, 596 
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Starches (Continued) 
swelling of, 
dispersing agents, AO l 
gelatinization in water, 561 
“synthetic”, 504r6 
“thin-boiling”, 560, 580 
tosyl esters, 570 
types, 560 
unit roll, 576-7 
uses, 597 

\-ray studies, 576 
Staudingcr equation, 525 
Steeping of corn, 598 
Steffen process, 4 IK 
Steinhoff method, 142 
Stereoisomerism, see also Asymmetric 
carbon atoms and SI eric effects, 
5,24-42,261 
Stern* effects, 

acetone condensations, 220 , 22K, 278 
acetylation, 
cellulose, 540 
sugar nvimpH, 411 

tertiary hydroxyls in ryclitols, 260 
ncetylglycnsyl halides, 172 
alkaline condenhalions, 114 
atomic dimension and. 161 
borate esters ami complexes, 40, 183 
cellulose, usanciation of and methoxyl 
groups, 556 

ritt-ttann relations in slrainlcsH rings, 
40, 58 

condensation of sugars with aldehydes, 
226 

cyanohydrin synthesis, I 10, 250 
rorination of 

epivxy fieri vm lives. 171, 861 
glycosans, 218 

isopropylidene deiiva lives, 220 
galactitiries, 864 
glycol oxidations, 218, 528, 306 
glykitol complexes willi poly basic 
acids, 258 
hydrolysis of 
anhyrlro rings, 173 
glycosides, 
aridir, 202 5 
alkaline, 309 
enzymic, 492, 408 
isopropylidene derivatives, 229 
tosyl groups, 173 


lsorotation rules, 83 
lead tetraacetate oxidations, 213, 
366 

microbiological oxidation of glykitols 
131 

oxidation of double bonds, 242. 275-6, 
370 

reactions of 

3,6-anhydrn derivatives, 352 
halogeno acetyl sugars, 163 
mannose, 101 
trityl chloride, 349 
rotations of 
uldouic acids, 296 
jtf-glurnsides, S5, 515 
glycosyl lmlides, 164 
strainlesH rings, 49, 58 
Sterol glycosides, 465 
St rainless rings, 53-5 
Straw, 

cellulose, 530 
I lemi celluloses 625 
xylnn, 618, 626 
xylose from, 105 
Strawberry port in , 011 
Strcploeureux, (Iroup A, hemolytic, 610 
Ntreplmnycrs rprspf/s, 171 
Slieptninxein, 287,413, 171 
Strophanthidin glycosides, 464, 470 
/. -Si roplmn thin 0, 161 
Strophanthidin we, 161 
A-Stroplianthosidr 1 , 161 
Strophunllintriosc, 161 
StrophfiHthiis, glycosides, 463 
St ro pha nth \ir homin' , 4tl4 
Styrncitol, see 1,5 d Maiinilun 
Succinic acid, leaelion with glykitols, 
369 

Surrasc, see luvertase 
Sucrose (beet sugar, cane sugai ), 416 
analysis, 137-8 
color tesl, 135 
eompouml with linir IIS 
configuration of glycosiihr carbon 
atoms, 450 

dextrans from, 603, 643 
enzymes, sec also luvertase 
historical, 1-2 
hydrolysis (inversion ) , 
acids, 138, 206, 437, 449 
enzymic, 138, 449,503,507 
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hydroxymethylfurfural from, 71 
identification, 448 
invert ases, sec Invert ane 
manufacture, 447 

microorganisms, action on, 252, 319, 
603, 642 

normal weight, 137 
occurrence, 116, 455, 457, 510, 596 
octamethyl ether, 206, 449 
octanitrate, 176 
oxidations, 327, 336, 310, 449 
purification, 448-9 
structure, 12, 449 
sweetness, 92 
synthesis, 450 

Sugar, see Sucrose, n-Glurosc and indi- 
vidual sugars 

Sugar alcohols, see (wlykitols 
Sugar beets ( Beta rulgart *), see also 
Molasses 

n-arabinosc in, 102 

ferment atiou to n-mannitol, 239 

hexose phosphates in, 451 

pectins in, G11 

quinic arid iu, 27 1 

rulfinoue in, 457 

sucrose from, 4 18 

Sugar pane, sec also Molasses, 75, 447 
Sugar pine, hoc Pinux lambertiana 
Sugar refining, 448 

Nulfaguaniriiup, n-glucobc derivative, 
382 

Sulf amethylt hia^ulc , n-glurobe rleriva- 
tivc, 382 

Sulfanilamide, u -glucose derivative, 382 
Sulfanilyl chloride, reaction with n-glu- 
cosiunine, 382 
Sulfapyridine, 
n-glucuse deiivntive, 3S2 
Ti-glucuronide, 509 
Sulfatases, 183 

Sulfate esters, see also Tosyl esters, 182 
from glycals, J29 
hydrolysis, J 83, 353 
in cellulose acetates and nitrates, 550, 
552 

methyl goiaetoside, 637 
polysaccharides, 637-42 
Sulfhydry] groups in 0 -amylase, 388 
Sulfide, sodium, hydrolysis of cellulose 
nitrates, 551 


Sulfite cellulose, molecular weight, 533 
Sulfite waste liquors, 
fermentation. 628 
sugar bisulfites in, 182 
Sulfonic esters, see also Mesyl and Tosyl, 
182 

Sulfur derivatives, see Mercaptalb, Sul- 
fate, Thio derivatives, Thioglycn- 
sides, Tosyl, Xanthates, etc. 
Sulfur dioxide, see also Bisulfites, 
action on 
sugars, 182 
wood, 621 

catalyst in acetylation of cellulose and 
starrli, 552, 578 

use in starch manufacture, 597-8 
Sulfuric acid, see Acids f mineral) 
Sulfuryl chloride, 182 
Surface active agents, III) 

D-glucamine aliphatic salts, 120 
gljconidcs, 199 
glycosylamiues, 379 
glykitol esters, 169, 232, 308 
saponins, 465 
Sweet neHS, 
cydituls, 264 
glykiUns, 363 
glykitols, 2.32, 236, 257 
pinitol, 2G6 
sorbitol, 257 
sugars, 92 
\ylitol, 230 

Sweet potato staich, 560, 5G3 
Synovial fluid, hyaluronic acid, 640 

T 

n-Tagatose, 11, 126 
O-dehoxy, 125 

Tagua palm, see Ivor} nuts 
Takudiastabc, see Axpergillux oryzav 
i) Talarie acid (u-talomueir acid, n-al- 
trarie acid), 301 
2,.) an hydro, 357 

D , ii-Talarie acid (n , l t alumucic acid ) , 
272,295 

n-Talitol (D-altritoi), 237, 210 
G-desoxy, see n-Altritol, 1-dcsoxy 
tribeuzylidenc, 240 
u-Talitol (L-altritolj, 240 
D,L-Talitol (D f L-altritol), 240 
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L,TaJo-D-atto-heptoBe y 58 
L-Talo-D-aZfro-heptose, 58 
Taloimicic acids, see Talaric acids 
D-Talonic acid, and lactones, 240, 205 

2.5- anhydro, 357 
L-Talonic acid, G-dcsoxy, 260 
n-Talose, 

benzoates, 158, 1G0 
bromine oxidation, 325 
configuration, 38, 58 
6-desoxy, 58, 2G0 

1.6- 2,3-dianhydio, 414 

1.6- 3,4-dianhydro, 414 
hydrazones for analysis, 402 
mutarotation, 65-6 
preparation, 126- 8, 370 

L-Talose, 58, 127 
Tampiro jalap, 108 
Tannase, 168 
Tannins, 167 
Tapioca starch, 
amylosc content, 568 
difference from corn, 569 
importance and uses, 560 
phosphorus content, 569 
photomicrograph, 562-3 
Tara, 636 
Tartar emetic, 300 

n- and L-Tartarir acids, see Thiearic 
and Tetraric acids 

weso-Tartaric acid, sec Erylhr&ric and 
Tetraric acidB 

Tartronic and, 16, 229, 336, 636 
Tauber’s benzidine test, 134 
Tendons, composition, 183 
Tertiary hydroxy] groups, acetylation 
cyclitols, 269 

Tetraethylammonium hydroxide, reac- 
tion with cellulose, 543 
Tetraric acids (thearic acids, crythraric 
acids, tartaric acids, dihydroxy 
succinic acids), see also Threaric 
and Erythraric acids, 300 
from hexoses, 332, 336, 342-3 
nomenclature, 16, 20-1, 40, 42, 300 
plaec in carbohydrate series, 16 
polymerization, 9 
proof of configuration, 40 
Tetritols, see also Threitol and Erythri- 
tol, 233 


Tetroses, see also Erythrose, Erythru- 
losc and Threose 
configuration, 25, 36 
reactions, 79 

synthesis from formaldehyde, 112 
Textile fibers, see also Fibers, 548 
Textile sizes, 582, 597, 599, 635 
Textile softeners, 379 
Thallous ethylate, reaction with amor- 
phous cellulose, 540 

Thallous hydroxide, for mothylation, 348 
Theophylline, 419 

Thermal condensations, synthesis of 
oligosaccharides, 431, 441 
Thiazoline ring, 421-2 
“Thin -boiling” starches, 569, 580 
ThioacetalB, see Mercaptals 
Tlii o alkyl groups, removal from nierrap- 
tals, 153, 195, 219-20 
ThioryanAtes, 
raibnhydrate esters, 474 
lithium salt, reaction with cellulose, 
545 

silvnr salt, reaction ailli urclylglu- 
rosyl halides, 383 

Tliio derivatives, see uImj Carbamates, 
Mereaptals, Mu (fates, Tbioglyco 
Hides, Tosyl rsLcrs, Xnathates, 
299, 472 

adenine 5-tliioinelhyl X -riboside, 388 
0-Thioglurnsidasc (inyrosin), 472, 477 
Tliioglyrosideri, 
effect of alkali, 215 
enzyme hydrolyws, 510 
preparation, 186, 195, 472 
Thionyl chloride, effect on mcso-inositol, 
284 

Thiophennl glycosides, 172 
Thioscs, 472 
Thiosugars, 472-3 
Thiuurca, d - glucose derivative, 381 
Thiourcthan derivatives, 383 
n-Throaric acid (u-tartaric acid, {-tar- 
taric acid), 40, 300 
dimethyl ether, 449 

L-Threaric acid (L-tartaric acid, d-tar- 
taric acid), 300 
configuration, 40, 42 
dimethyl ether, 207-8, 444 
occurrence, 300 
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Threitpl, nomenclature, 18 
n-Threitol (f-erythritol) 
configuration, 262-3 
dibenzylidene, 233 
preparation, 233, 261-2 
L-Threitol (d^orythritolj 
configuration, 42 
preparation, 233, 261 
i), L-Threitol , 233 

L-Threo-ket open lose, see L-Xylulose 
Threonic acids, from glucose by alkaline 
copper oxidation, 342 
L-Tlireonir acid, from ascorbic acid, 316 
D,i4-Thrronic acid, 116 
o-Thrcose, 

2,3-benzylidenc, 332 
configuration, 3!) 

Haworth formula, 58 
mutarotation, 70 
preparation, 121, 121 
L-Threose, 42, 58 

D,L-Threose, ultimate synthesis, 115 
n-Threulosc, see D-Erythrulose 
Tlireurnnir acid, 302 
Thymidine, 388 
Thymine, 388, 397 
Thymus nucleic acids, 390, 397 
Titanium tetrachloride, 100, 198 
Titanium trichloride, reduction of w-glu- 
ensazone, 145 

Tobacco, synthesis of glucosides, 500 
Tobacco mosaic virus, nucleic acid, 401 
cr-Toeophnrol, reaction with benzene 
hcxachloride, 285, 287 
Tollens test, 135 

p Tolucncsulfonic acid, catalyst in gly- 
roflide formation, 194 
p-Toluenesulfonyl, see Tosyl 
p-Toluidine, n-glucose derivative, 379, 
886 

Tomatoes, and n-fructnsc, 91 
Tonka bean, 467 
Torrefaction devtrins, 598 
Torula cremoris , see Yeasts 
Totula da till a, fermentation of wood 
hydrolysates, 627 
Torda utilis, 241, 252 
Torula yoasts, 105 
reaction with n-xylose, 105, 148 
Tosyl (p-toluencsulfonyl) esters, 170 


cellulose, 432, 540 
conversion to thiocyanates, 474 
enzyme hydrolysis of tosylated 0-gh< 
cosides, 492-3 

formation from epoxides, 277 
hydroxy isomytilitol, 277 
isohexides, 367 

leplacement of tosyloxy by amino 
group, 417 
starch, 578 

use for synthesis of sugars, 130 
Tosyl-iodide exchange, 171, 262, 389, 
549, 554, 593 

secondary alcoholic groupB, 367 
Tragacanthic acid, 635 
Transglycosid&tion, 198 
Trehala manna, 452 
Trehalose (a,a-trehalose), 12, 437, 452 
M-Trohalose, 451 
Tricresyl phosphates, 551-2 
Triethylamine, 553 

Trihydroxyglutanc acids, sec also under 
•‘nrir” type of name, 301 
nomenclature, 20 

Triases, see also Dihydrovyacetoue, 
(ilyceraldehyde, and Glyeerose 
biochemistry, 89 
ronfiguiation, 36 
reartions, 79 

synthesis from formaldehyde, 112 
Tnphenylmethyl, see Trityl 
Tnpheuvl phosphate, plasticizer for 
cellulose acetate, 552 
Trisaecharidcs, see also Oligosacchar- 
ides, reaction with trityl chloride, 
350 

Trilyl derivatives tethers), 31 s 
anhydro formation in removal of trityl 
groups, 215 
cellulose, 531, 557 
hydrolysis, 340 
nucleosides, 389 
pyrimidine nucleotides, 392 
riboflavin, 396 

secondary alcoholic groups, 389 
as structural aid, 378 
turanose, 454 
use, 156 

Trivial names, 18 

Trypsin, action on ovomucoid y 647 
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Tryptophan, 403, 487 
T ubcra jalapac , 108 

Tubercle bacilli, growth inhibit ors, 370 

Tubers, Hi arch conlent, 500 

Tumors, 

effort of mrAo-inositol, 287 
hyaluronic ariil, 040 

Tungstic arid, complex with glykitnls, 
253 

Tunifatn, 52ft 
Tunicin, 520 
Turanose, 200, 437, 453 6 
“Tweens”, 308 
Tymlall effect, 527 

Tyrosinase, in potato si arch manufar 
ture, 507 
Tyriwine, 

(J-gluc oniric, 422 

read ion with iodine in /3-amylase, 5S8 

U 

Ultracrnlrifugiri method, molecular 
weight, 

celluloHe, 532 3 
polysaccharides, 523 
stureh, 571 

ntnifdlration, moleeulai weights of 
polysaccharides, 528 

Ultraviolet light, effect on cellulose, 530 
Umbilical cold, hyaluronic Acid, 040 
Unit cell (crystal structure), 
cellulose, 5 tO- 1 
eliitin, 010 
starch, 570 

Uusalurated derivatives, see also Knedi 
ols, Furfural, (Jlyeals, (ilycoscens 
acrylic esters, 170 
allyl ether of starch, 580 
cyclitols, 275, 275 
furnic acid from chitoidc acid, 115 
Rly cosidic, 201 
glykitnls, 300 
preparation from 
aric arid lactones, 302 
chitonir acid, 415 
hydro\\ alkyl amines, 35!) 

Uracil, 388, 307 
Urea, 

i> -glucose derivative (glucose urea, 
urea N-glucoside), 381 
sugar derivatives, 383 


UroLhanc derivatives, see also Carbanil 
ates, 383 
cyrlie, 123 
Urirline, 388, 390 
Uridylic arid, 302, 400 
Urine, 

i>- glucose iii, 07 
n-glucurunides in, 500 
mrioxyl n-glururonirirs in, 463 
i, -xylulose in, 106 
Urine pentose, see L-Xyl ulnae 
Uronir urids, see also lveto iildonie acids, 
10, 303 

aclioii of alkalies, 311 
aldobiumnic arids, 300 
analysis in 
oxvcelluloses, 518 
polysaccharides, 515 
condensation with u phenylenedi 
amine, 130, 381 

conversion to aldoses ot inverted eon 
figuration, 120 

decarboxylation in lirifiirclluloHes, 027 
definition, 15 

effrd on solubility of hemi celluloses, 
025 

glycosides (urrmides) 
aldobiuronic acids, 306, 428 
formation, 300 10 
nnlural, 47(1 
cn/ymic hydrolysis, 471 
p nitrobenzyl, coupling with pro 
teinH, 420 

protein uzohpnzyl, us antigens, 420 
synthesis in animals, 303, 500 
kel u, 278 
lactones, 302, 310 
methyl esler, 301) 
nioiiojndhy] ether, 623 
occurrence as intrrniediat es in o\ida- 
tion of aldoses, 333. 335 
occurrence in 
gums, 630, 634 
hemicelluloscH, 530, 622-3 
polysaccharides, 303, 512,630, 631) 40, 
611 

urine, 303, 509 

oxidation with hydrogen peroxide, 339 
preparation, 303 
biochemical, 509-10 
by oxidation, 333, 341 
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qualitative lest, 134, 381 
reactions, 308 

Urnnidcs, soe Uronic acids, glycosides 
Uveal tract of the eye, 640 

V 

Vaccinia, 166 
Varriniuin tHffrlilluH, 271 
rarcriaMa/r Vilis-idaea, 106, 271 
Valunia vontri cotta, 537 
Valoraldohydo, 

■y-hydrnvy-, 1K0 
nation with sugars, 222 
van iler Waals forces, 530, 543 
Vanilla plant folia, 467 
Vanillin glurusidps, 467 
van’! llolT, optical Hupcr|Mwi 1 ion , 81 
viin'l lloff equation, osmosis, 323 
Vasodilators, 252 

Velvet aide ivory, see PhyUlrpha* macro 
cat pa 

^ crbasrusc, 158 
Vi rhaticiwi sp . 158 
Vetch wheels, 388, 128 
Vtna a ngu*lt folia, 12S 
\ icianin, 128 
Virianos, 12S 
Vicine. 3S8 

Vinyl-ilihydrorui an, 306 
\ i ruses, 3!)7, 101 

Viscose, sec also (VIIuIohc Mint Imles, 
533, 541 
Viscosity, 
cellulose, 
bacterial, 603 

comparison with end group mptliod, 
335 

in ruprniniiioiiiuni solution, 532 3 
dcvfrins, 508 
I i mi ling, rlelinilion, 526 
for measuremenl of rv amylase activ- 
ity, 380 

molecular weigh l of polysarcharidcH, 
52.» 

liecliu solutions during hydrolysis, 
613-1 

specific, definition, 525 
starches, 

changes produced by enzymes, 383 
oxidized, 580 
Vitamins, 


^-complex, see also Riboflavin, 
coenzymes, 303 
me*o-inositol, 286 
nucleotides, 307 

i\ see also Ascorbic and L-Xyloas- 
corliic acids, 316 
!*, sec Hesperidin 
Vitreous humor, composition, 183 
hyaluronic acid, 640 

i>-Voleinitol (a-sedoheptitol, ii-manno- 
o-JoZo-heptil ol , n-P-mannoliopti - 
tol), 243-5 
Vokmose, 110 
Volemulose, 110 

W 

Walden inversion, 161, 171 
acetylation of unhydro-cyclitols, 277 
action or nitrous acid on hexosaminBB, 
356 

eyclitol hrvaacetates, 270 
deacclylation of osaznne derivatives, 
400 

duaerharide derivatives, 431 
o-glueoHaniiiie, 113 
glucosc-all rose transformation, 416 
hydrolysis of 
esters, 130 
5,6 Horbitau, 336 
IhioglueoHicIes, 472 

Koeiiigs-Knorr synthesis, 194 , 432 
opening of 2,3-uuhvriro rings, 361, 413 
preparntinii of 

2.5- anhydro derivatives, 335, 350 

3.6- nnhydn) derivatives, 356 
glycosans, 217 

n-nhosc, 182 

um' in sugar preparations, 130 
Wal er, 

effecl ou cellulose nitrates, 551 
sorption by cellulose, 542 
swelling of si arch, 561 
Wattle gum, 102 
Wavy maize starch, 
crystallinity, 577 
importance and uses, 560 
photomicrographs, 363 
Wecrman degradation, of aldoitamides to 
lower aldoses, 123 

“Weight-average” molecular weight and 
viscosity method, 521-2, 526 
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“Wertigkeii/ 1 definition, 485 
Wet combusions, 339 
Wheat, 

/9-amylase in, 584-5, 587 
synthesis of glucosides, 509 
Wheat bran, 102 

Wheat malt, a amylases in, 585 
Wheat Btarcb, 
amylose content, 568 
importance and usefi, 560 
molecular weight, 571 
phosphorus in, 564 
photomicrograph, 562 
Wheat straw, 
hcmicclluloses, 625 
xylan fraction, 626 
Whey, lactose in, 441 
Whiskey, amylases ami, 582 
White dextrins, 598 
White sprure, 100 

Whortle berry, see Vaccim uni mjtttillub 
Williamson el her synthesis, 3-17 
Willstatlcr Rchudel me l hod, 115 
Wohl degradation, 122, 233, 431 
acetamide derivatives from, 377 
use of oximes in, 410 
d - xylose, 233 
Wood, 

aldobiuronic acids in, 307 
arabo-galactans, 628 
rollulose, 
bleaching, 530 
definition, 530 
enzymic hydrolysis, 558 
hemirdlulosc content, effect on 
paper properties, 622 
molecular weight, 533-4 
nitration, 550 
occurrence, 529 
preparation, 530, 621 
xanthation, 546 
composition, 620, 623 
conversion to cellulose, 530 
homieelluloses, 622-7 
hydrolysis, 182, 252, 627 
enzymic, 559 
lignin in, 620 
mannan content, 615 
pulps, see Pulps 


sofl,manuansln,615 
sugar, see o -Xylose 
.xylan, 618 

X 

Xanthatcs, 546 
Xanlhinc oxidase, 181, 396 
Xanthorhairinm, 429, 401 
X-ray patterns, 
amylose and Ainylopertin, 577 
cellulose, 

and alkali effect, 544 
nitrate esters, 550 
and reactions, 543 
xanthatr esters, 517 
ehitiTJ, 619 
lirhenin, 602 

Hchardingcr dexliins, 503 
sodium poet ate, 612 
starrhes, 564, 57G 
X-rays, contrast mnlenals, 185 
d Xylttl, conversion to 2 deM>\> o w 
I oho , 129, 275 
Xylans, 

esparto, 618, 627 
molrcular weight, 626 
nomenclature, 513 
si raw, 618 
wood, 618 

\ylaiic arid (///fn-tu hydroxy glut fine 
acid), trimcthyl ether, 207, 141 
Xylilol, 235 

anhydro derivatives, 351 
dibenzylidenp, 235 
2,4-melhylcne, 224 
preparation, 236 
sweetness, 236 

L Xyloascorbie acid (ascorbic acid, vit- 
amin (!), 316 
dehydro, 316 
2,3-dimethyl ether, 317 
3-methyl rther, 317 
nomenclature, 313-4 
stability, 317 

structure and synthesis, 317 
n-Xylobenzimidazole, 2,5-anhydro, 381 
L-Xylokctose, see L-Xyluloso 
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n-Xylonic acid, 

cadmium double Halt with cadmium 
bromide, 105 

methylated lactoneH, 203, 205 
polymerization, 0 
preparation, 322 
i. Xylonic and, 

3-methyl other, 3*11 
preparation from L-aorhopo, 335 
r> Xylose, wo also d Xylose derivatives, 
104 

biochemizlrv, 105 
bromine oxidation, 325 
composition of equilibrium uni ut inn, 04 
cnnfiguiutiuu, 30, 38 
conversion to 

2 5-auliydru ], glucaric arid, 358 
iMdarir acid, 272 
degradation, 23,3 
fermeutation, J40, 003 
Uaworlli formula, 57-K 
identification, 105 
mularotation, 04, 105 
nmirrence in, 105 
glycosides, 470 
licmicclluloscs, 022, 025 
oligosaccharides, 42S 
jdant gums, 031 
polyzarchaiidez, 512 
wood hcmicellulospri, 02.3 
preparation, 105 
from n-glucurouic acid, 027 
reduction to \ylitol, 230 
n-Xylose derivatives, 

3,5 earboruite, 1,2 isopropylulene, 17S 
2 desoxy, 120, 274 
5-ileso\v, preparation, 125 
dimethyl acetal, monobenzylidenc, 105 
n-glucunmide, 428 
oxime, aretylation of, 112 
phenyliNsazone, 105 
polymers, classification, 513 
L-Xyloze, 

2,1 -henzyli done, reaction with nit in 
methane, 420 
converHiun to 
L-idaric arid, 272 
ozone. 318 
L-xyluluze, 100 


effect of pyridine, 106 
Haworth formula, 57 
2,4-methylene, 224 
oxidation, 318 
preparation, 124 
u-Xyloaidez, 
enzymes for, 490 
methyl, 

2,3 dimethyl el her, 020 
3,4-dimelhyl ether, 035 
2,3 4-trimelhyl ether, 026, 635 
hydrolysis, 204 

methyl 0-, periodie acid oxidation of, 
213 

slroplianthidin 0-,465 
j.-Xyl ozone, 317 

D-Xylosyl bromide, tetraacetate, 432 
n-Xvlozyl, di, disulfide, 473 
d Xylulose, zee L-Xyluluse 
n-Xylulose, 41, 132, 451 
lX>1u1ohp, 80, 105-0 
J- XvJurunic acid, 341 

Y 

V #, ust r (Succharmnycca sp ), zee alzo 
fermentation, Fuxartuni, Micro- 
organisms, Tnntla , 
action, 

in piezence of umylasez, 580 
on carbohydrates, 146 
on melilunsp, 445 
on d xylose, 105 
aldoluzc, 114 
bottom and top, 505 
In ewers’ and bakers’, 504 
fermentation of 
molasses, 80 
raflinoBc, 150 

starch hydrolyzalez, 580, 589 
wood hydrolysates, 027 
0-glueoaidusc, 501 
glycogen in, 507 
glycosi dazes, 503 

growth factorz and mtiio innzitol, 280-7 

gum, 614-5 

inulases in, 005 

mannan, 614-5 

nucleic acids, 397 

nucleotides, 391 
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Y Duals (Succharomywh Bp.) (Conti n uni) 
phosphorylaae, AM 
polysaccharides, 512 
synthesis of grntiohiosc, 135 
5-thioniPthyl-X riboside in, 3HS 

Z 

"Z average" molecular weigh! from 
ultrurcnlrifugal method, 522 
Zta mat/*, Nee Corn 


Zinc chloride, 551 
mtulyst in formation of 
acetates, 149. 220, 552 
arylidenc and alkylidrne deriv 
ativeH, 222, 22k 
phenyl glycosides, 191 
dispersant for 
cellulose, 545 
slarrli, 571 

Xmyibei iammunai, I’M 
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